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GEOGRAPHICAL-HISTORICAL CONCEPTS IN AMERICAN HISTORY 


WALTER PRESCOTT WEBB 
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the University of Houston but he is still closely associated with the Department of History, University 
of Texas, where his services began in 1918. Comments on Dr. Webb’s paper by three discussants 


follow the main address.—Editor. 


PROPOSE to talk to you this evening about 
l how a knowledge of geography and an 
interest in it has enabled me to understand 
history and make a good deal of sense out of 
some of it that I never otherwise would have 
been able to do. Some of you may be so de- 
yoted to objectivity, so determined to make a 
science out of what is so human and unscien- 
tific that you will not care to listen to a person- 
al experience, written without footnotes. Those 
who are acquainted with what I have written 
know that practically all the history I have 
done, and certainly the best of it, is based 
solidly and consciously on geography, on the 
“character of the land where the action de- 
scribed took place. 
The task of preparing this paper caused me 
to try to recall the origin of my interest in 
geography. Probably it dates back to my boy- 
hood when I roamed the pastures with my dog 
and unconsciously absorbed some knowledge 
of the land forms, noted that the grass grew 
“it the valleys anc the rocks on the high hills. 
My real awakening, however, came when I 
began teaching a country school, and found 
that one of the courses I had to teach was 
“talled physical geography. There was a red 
| dothbound text, entitled Physical Geography, 
“bya man named W. E. Davis. I had never 
“Seen the book or heard of the subject before, 
| and so it became necessary for me to read it 
| Pretty closely in order to stay ahead of the 
| dass. This book differed from Wentworth’s 
/@ithmetic and Reed and Kellogg’s grammar in 
P that it dealt with things I knew about. It dif- 
"fered from political geography where I had to 


memorize all the states in the union and their 
capitals, memorize the names of five oceans 
which I knew only by reputation, and learn 
that Belize was the capital of British Hon- 
duras. It differed from spelling because I did 
not have to do puzzles with letters, getting 
them in exact order to form a word which 
often was pronounced as if spelled in another 
way. But here in Davis’ Physical Geography 
was something that made sense from the first, 
something I had seen when hunting horses in 
the early morning. From the book I went 
back to the pasture, and sure enough there 
things were going on just like the author said 
they should. It was a wonderful experience, 
and I have never gotten over it. I have always 
regretted that physical geography fell a victim 
to progressive education and was removed 
from the curriculum. 

In my third year in the University I took 
a course called Institutional History, given by 
Lindley Miller Keasbey. This was the second 
and most important step in providing me a 
geographic base from which to view human 
activity. Keasbey had studied in Germany, 
knew Friedrich Ratzel and J. J. E. Reclus, 
Ellsworth Huntington and the rest, and made 
us read their books. What I got from Keasbey, 
in addition to a method of thinking, was the 
relation between environment and civilization, 
and a curiosity to learn more about it. Dif- 
ferent people have different keys to the half 
hidden secrets of a subject. Here was my key, 
this relation of culture and environment, the 
connection between what men did and the 
conditions surrounding them, conditions which 
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in some measure prescribe their action or dic- 
tate the results. Not for a moment would I 
claim that this is the only key, but it is as good 
as any other, better than some, and the best 
for me. 

Modern geology, for which physical geog- 
raphy is the craftsman and artisan, was foun- 
ded by the man who first perceived that the 
physical forces that formed the layers of the 
earth are the same forces operating today on 
the surface. Erosion and sedimentation go on 
now just as they did in a similar climate one 
million or ten million years ago. The man who 
discovered this elementary fact was James 
Button, an Englishman, who published his 
Theory of the Earth in 1795. He was a fore- 
runner of Lyell and Darwin, for the theory of 
the earth’s slow evolution was implicit in the 
simple principle he enunciated, seventy-five 
years before Darwin and Wallace announced 
the more famous one. 

The consoling thing about physical geog- 
raphy is that it is firm under your feet. It pro- 
vides a fairly permanent base on which to lay 
down a foundation and erect a superstructure, 
even though you crown that superstructure 
with poetry, literature, and religion. If you 
would understand many features of the Ameri- 
can West, and especially the more arid por- 
tions, read the Old Testament. 

The critics dearly love to sink their teeth in 
those of us who elect to approach history, 
civilization, if you please, through geography, 
by way of the physical environment. Critics 
charge that such an approach results in rank 
materialism, and if they are crowded a little 
they will mention Karl Marx, and link your 
name with his. Of course I do not know why 
they react in this manner, but I suspect it is 
due to frustration. They may resent the order- 
ly manner in which the story of a culture un- 
folds, once it is based solidly on the ground. 
The logic seems to make them mad. 

r- In defense of the method I may point out 
' that it coincides in a general way with the 
evolution of the culture which we are always 
seeking to understand. The whole action oc- 
| curred on some piece of land, and is related in 
| numerous ways to the land and the climate. 
\ Whatever is produced, whether baskets or pot- 
itery, whether corn or wheat, or palaces or 
lhovels, or poetry or painting, is related to the 
and and that relationship can be discovered. 
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¥To me land is the matrix out of which the cul- 
ture grows. 

What I have said by way of introduction jg 
intended to explain my bent towards geog- 
raphy and the philosophy that has sustained 
me while I stuck to my chosen point of view, 
For the remainder of the paper, I shall cite 
some specific examples of geographic-historic 
concepts I have developed and found person- 
ally rewarding, both as a student and as a 
teacher. In presenting these concepts around 
which I have written books and articles, it will 
be necessary for me to make reference to my 
own work. 

My first, and probably best known, book is 
The Great Plains, published in 1931. Since I 
was to become a geographic historian, I could 
not have been more fortunate in selecting a 
subject for the beginning. Fortunate because, 
as all of you know, the Great Plains of the 
American West is a land where the physical 
forces are almost overwhelming, so imperious 
that no man and no institution has been able to 
ignore them, and all have had to adapt to 
them. In another respect I was fortunate in 
that I could start with a clean land. The very 
forces that man had to overcome had been so 
strong as to keep the land naked almost 
to the years of my earliest memory. The whole 
evolution of permanent civilization there, if we 
except the Indians and a fringe of Spaniards, 
took place only yesterday. Here was a situa- 
tion made to order for one who wanted to ex- 
amine the relationship between a human cul- 
ture and a physical environment. There was 
still another feature that made the task seem 
fairly easy, after it was done. The American 
people who were to take the Plains came from 
an entirely different kind of land. These 
Americans had had no previous experience 
with a land so treeless, so level, so arid. They 
came to it in almost complete ignorance of it, 
and they had to invent, adapt, and devise 
quickly or perish. The break with their past 
was clean and sharp, and the trail they left was 
recent and plain to follow. I had the benefit 
of the marvelous contrast between the western 
plains and the eastern woodland. The con- 
trast was much sharper for the Americans than 
for the Spaniards who came from an arid land, 
and knew better than the Americans how to 
deal with it. Another thing in my favor, which 


I discovered as I went along, was that the 


Great Plains region is a fairly distinct geog- 
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raphic unit. It is almost as good as an island, 
better than the hydrographic basin. By sheer 
luck thus I had hit upon the easiest region in 
the entire country in which to study the rela- 
tions between people and the land they oc- 
cupied. For me it was an intellectual windfall 
of gigantic proportions and no one knows this 
better than I. 

In the process of telling the story that un- 
folded I was compelled to get an education, 
and I had to do it on my own. Since the story 
was to be that of environment and civilization 
I had to learn about both. Since the whole 
concept was based on the land I had to learn 
geology, how the Great Plains were built and 
graded by the swinging rivers which came out 
of the west spewing sand and soil to form a 
great debris apron spread at the eastern foot 
of the Rocky Mountains. Then there were the 
High Plains, standing above grade, like a table 
set down upon a level floor of a greater plain. 
[had to learn why this table stood up there in 
such curious fashion, so that you have to go up 
hill to it whether you approach it from the 
east or from the west. I learned from Willard 
D. Johnson that it is a survival, etched away 
on the east by water erosion, on the west in 
grotesque fashion by what I have called arid- 
land erosion, and what is left was preserved 
by a solid turf of short grass. 

Upon this base I laid down the flora and 
fauna, all bearing the mark of the environment, 
and this meant excursions into botany and 
zoology. Then I invaded anthropology and 
introduced the Plains Indians who were as 
beautifully adapted to the land as the mesquite 
grass or the jackrabbits and antelope. You 
see, | was building from the ground up, laying 
one block form upon another, pretty sure by 
this time what I would come out with for there 
was remarkable harmony all along the way. 

Then, in 1528 and 1540, came the dishar- 
mony in the guise of the European invaders. 
The Spaniards, who, as I have said, knew arid 
lands, might have made a success of it had 
they thought it really worth while. With Mexi- 
co City as a center they probed northward, us- 
ing a pioneering machine which they had 
found, to be very successful. This machine 


consisted of three agents, the conqueror to 
subdue, the converter to save, and the entre- 
preneur to exploit and make a profit. Select- 
ing a vantage point at the southern end of 
the Great Plains I watched the invaders come. 
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When they hit the arid country the economic 
agent failed for there was no profit, and the 
encomendia system was abolished in 1720. 
Then they came on with the missionaries and 
soldiers until they struck the Plains tribes, Co- 
manches and Apaches. These they could never 
convert, and they abolished the mission system 
in 1812. This left only the soldiers who were 
by now no match for the mounted Comanches 
and Apaches. The whole Spanish advance 
northward had been stopped long before 
Napoleon picked Europe up in his teeth and 
shook it loose from its monarchs and empires. 
Knowing the Plains as a land of recoil, the 
whole Spanish story made sense. 

Having disposed of the Spaniards, I moved 
over from the southern end of the Plains cor- 
ridor to its eastern edge where I could observe 
another breed of men tackle the job at which 
the Spaniards had failed. And I might here 
call your attention to what I have called the 
vantage point. My vantage point differs, I 
think, from that of most American historians. 
They move with the actors into the land, meet- 
ing events and obstacles as they present them- 
selves. My method, and it has been used in 
both The Great Plains and The Great Frontier, 
is to take a vantage point on the land, and 
watch the actors approach it, knowing in ad- 
vance what they will meet up with, and hav- 
ing at least some idea of how they may react 
to it. 

My vantage point for observing the Ameri- 
can approach to the Great Plains was on the 
dividing line between the woodland and the 
plain, between the prairie and the forest, 
where the trees left off and the grass began, 
and it was again from the south end, approxi- 
mately on the 98th meridian. 

With the opening of the second quarter of 
the 19th century, these Americans, moving on 
a ragged front, came out of the woods with 
the axe, the long rifle, and the boat, things 
they had found so serviceable for more than 
two centuries. They came without a govern- 
ment-sponsored system of pioneering, such as 
the Spaniards had, but each man was for him- 
self, and each was free to try whatever system 
he wanted. This coming out of the woods was 
the most momentous experience the pioneers 
had had since the initial one when they landed 
on the Atlantic shore. In describing the mi- 
gration of his own family, and their emergence 
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from the forest, Herbert Quick said, “It was 
the end of Book I of our history.” 

It was a most exciting experience I had as a 
historian just to stand there on the 98th meri- 
dian in Texas, look north to Canada, with a 
wall of timber and much water on the right 
hand and a sea of grass and practically no 
water on the left hand, and watch the antics 
of these people as they crept like insects out of 
the familiar country into one that was mysteri- 
ous and strange. The story broke up here 
into a series of topics, each topic concerned 
with some adaptation the people were com- 
pelled to make. 

They had fought Indians all the way west, 
but never such Indians as they met on the 
Plains. These were the first mounted Indians 
the Americans had ever fought and by far the 
most nomadic. The Americans, really the 
Texans, had to mount horses to deal with 
them, but when they did they found that their 
weapons were wholly unsuited to mounted 
combat. The Texans organized a mobile, 
mounted force, the Texas Rangers, the oldest 
organization of its kind in the world, and the 
first institutional adaptation to the Plains 
environment. The Texas Rangers then dis- 
covered the imperfect Colt revolver, which 
had been rejected elsewhere, and told Colt 
how to perfect it for a mounted man. The re- 
volver was the first mechanical or technologi- 
cal adaptation to the Plains. 

Thus armed and mounted, the Texan learn- 
ed to handle cattle on horseback, the Spanish 
longhorns that ran wild in the semi-desert 
south of San Antonio. After the Civil War, 
these Texans gathered the herds which had 
now spread north, drove them up the trails to 
establish the Cattle Kingdom in the seventeen 
western states, thus bringing the first perman- 
ent occupant to the Great Plains. 

In the meantime the humbler people were 
nibbling at the eastern edge. Though they had 
perfected the American axe, they had little use 
for it here because there were practically no 
trees. The boat had served them well, but 
now there was no use for the boat because 
there were no lakes and no streams. The log 
cabin, the standard pioneer home, never, as 
Powell said, crossed the plains. For the same 
reason there were no rails and rocks in most 
places for the only fences they had known. 
This fence problem was not solved until 1873 
when three farmers on the prairie in Illinois 





invented barbed wire. The six-inch bored wel] 
put an end to the “Old Oaken Bucket” which 
would have fallen to staves before it gathered 
any moss. The windmill was adapted and be- 
came the symbol of habitation. The law 
pertaining to land was badly bent and that 
pertaining to water was modified in all the 
states, and completely abrogated in eight of 
them. When the English common law is 
abrogated by Anglo-Americans there has to be 
a reason greater than the whim of a judge, 
jury, or legislator. The eastern dirt-pushing 
plows would not turn the western sod, and the 
nameless blacksmiths lengthened the point un- 
til it cut like a knife; they changed the slope of 
the wing so that it would turn the heavy soil 
with its surface of turf upside down. The 
principles of dry farming were discovered in 
California or Utah, and the Department of 
Agriculture ransacked the deserts of the world 
to find drought resistant crops. 

And this panorama of history, filled with 
some heroism, much tragedy, pathos and that 
grim humor which men make of their hard- 
ships, is what I saw as I watched these people 
tackle the western half of this country, the na- 
ture of which I already knew. Knowing the 
land as I did in 1931 I could have told them 
what to expect when they made the venture, 
but of course such is the nature of human be- 
ings that they would not have listened. The 
way they learned for themselves is their his- 
tory. The way they told about it in song, 
poetry, and story is their literature, the reflec- 
tion of their experience in the mirror of mem- 
ory. 
And so I ended The Great Plains with a look 
at the literature which may come as a surprise 
to those who wonder if the Great Plains has 
produced any. Starting with the most sub- 
stantial feature, the land, I wound up with the 
most ethereal, and from the geology at the bot- 
tom to the literature which crowned the super- 
structure everything was tied together with a 
harmony that was not forced. And perhaps 
that harmony is what makes those who do not 
find any mad. 

When I finished I thought I had said all I 
had to say about the American West. »But I 
must now call your attention to the fact that 
the story was incomplete. You will recall that 
I had stood mentally at a selected vantage 
point and watched the people, both the Span- 
iards and the Americans, come into the strange 
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land. I had dealt with the people in motion 
and observed them as they struggled with 
their basic problems. But now, 1900-1950, 
they had settled down, fastened themselves to 
the soil, built their cities, arranged themselves 
in some sort of pattern on the land they had 
taken. A moving society had become a sta- 
tionary one, a ground-based civilization. I had 
not examined the pattern they formed, and 
did not do so for twenty-five years. 

About 1955 I decided to go out and look at 
the country again. That summer I drove from 
Texas to California with a friend who had 
some business in Las Vegas. I hardly knew 
what I was looking for, but as always I was 
fascinated by the weird land forms, the dis- 
tances, the deserts. The next summer I went 
alone, north to the Canadian border in Mon- 
tana. By this time I had found my question, 
and when you find your question, if it is the, 
right one, you are half way home. My ques- |} 
tion was this: What makes this country what | 
it is? What keeps it that way, almost un- 
changed, in spite of man’s puny efforts? What 
gives the West its special character? 

From Montana I turned south, keeping to 
those states just east of the Pacific tier, barely 
touching eastern California. I traveled in the 
desert all the way, spacing my journey so that 
I could sleep in the high mountains where it 
was cool. I did not hurry, but put in for a 
week or two at Salt Lake City, Reno, Las 
Vegas, and other less interesting places. Here 
I sought out the book stores, bought the local 
books, read them in the hotel, and then went 
out to see for myself what the authors were 
talking about. “What keeps the West the way 
itis?” I asked myself, as I looked out across a 
vast expanse of greasewood hemmed in by 
mountains fifty miles apart, with no living 
thing visible. What keeps the West the way it 
is, I asked. Then in the center of the vast 
place I found a river which I followed until it 
disappeared for lack of water. In Utah I stood 
on the shore of a strange inland sea, the Great 
Salt Lake, and asked the same question. Look- 
ing to the horizon I could make out the old 
shore of Lake Bonneville which has now 
shrunk to a briny fragment. In Nevada I saw 
hard by the Boulder Dam, and elsewhere, a 
limitless land, almost devoid of vegetation, 
smoking under the August sun as if it were 
just pulled from the fire yesterday. Variations 
of these same scenes I saw in Arizona and New 





Mexico, but as I turned east, after intermin- 
able miles, I found the land leveling out and 
the vegetation changing, and finally I was on 
the plains of which I had made so much. I 
saw the plains now as I had never seen them 
before. 

Surely, I said to myself, I have seen a land 
2000 miles long and several hundred miles 
wide where there has been a great fire. This 
fire is not yet quite out for the land in many 
parts is still smoking. It has burned up the 
substance, and is still so hot that but few 
people can get close to it. They have backed 
off from it, into California and Oregon, into 
Texas and Oklahoma and Kansas, forming a 
circle close enough to feel the heat, and oc- 
casionally to be scorched by it. Whatever 
made them back off is what gives the West its 
special character. 

Then I began to recall what I had read but 
not noticed because I had not yet asked the 
right question. Coronado, Moscoso, Lewis 
and Clark, Pike, Greeley, Marcy, Jefferson 
Davis and Daniel Webster had all talked of a 
desert. Long made a map of it, The Great 
American Desert he called it, and it got into 
the geographies and histories, but the cham- 
bers of commerce abolished it. From what I 
had seen I decided that the desert did not 
know that it had been abolished. There it was, 
as hot as ever, making the people stand back. 
I now had the answer to my question. It is 
the desert that makes the West what it is and 
keeps it that way. Again I had found the 
answer to my question in geography. 

This concept of the desert gave me a new 
vantage point. This time I would take my 
stand in the heart of the desert to survey the 
society whose coming there I had examined 
with so much care. These people were no 
longer in motion. They had discovered by 
now what they could and could not do, and 
they had formed a pattern which could be 
described because it is relatively permanent. 
I was now ready to return to the books to see 
if the facts supported the thesis. The most 
dependable source, for the economics, was the 
Statistical Abstract. I cannot go into detail 
but I can describe the pattern of wealth in 
relation to the desert. I have already alluded 
to the fact that the people have formed a great 
circle around the margins of the desert. The 
wealth has done the same thing, whether vou 
measure bank deposits, tractors, or cattle. The 
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only exception I found is the sheep population. 
This means that economically the West, be- 
‘cause of the desert, is a land of deficiencies. 
It forms a great depression, if represented on a 
graph. Such people as are found in the desert 
states are clustered around the scanty supply 
of water, and even this scanty population is 
pressing hard on the water supply. This means 
that today we have in the American West an 
oasis civilization. Even around the margins 
where great cities have grown up, there is a 
desperate water problem, in San Antonio, Dal- 
las, Fort Worth, Oklahoma City on the eastern 
margin and in Los Angeles and many smaller 
cities on the west. 

Now let us look at the pattern as formed by 
the seventeen western states. The heart of 
the desert—if I may use the worn-out term— 
comprises the eight so-called mountain states, 
New Mexico, Arizona, Colorado, Wyoming, 
Nevada, Idaho, Utah, and Montana. These I 
have called the desert states. The six states to 
the east, Texas, Oklahoma, Kansas, Nebraska, 
and the two Dakotas are then the Eastern 
Desert Rim states, all of them semiarid to arid 
in their western portions. They form the right 
flank of the desert and constitute the major 
portion of the plains area. To the west of the 
desert states are Washington, Oregon, and 
California. They form the Western Desert 
Rim, and all are arid in their eastern sections. 
They are the left flank of the desert. So, on 
this map (Fig. 1), you see the seventeen west- 
ern states as they line up with reference to the 
concept of the controlling desert. I wish to call 
your attention to the simplicity of the map 
shown in Figure 1. You will note that the states 
stand in tiers, with a north-south axis. That is 
the way the West is laid out in nature, on a 
north-south axis. Each tier has a dominant 
characteristic. The eastern tier is primarily a 
plains tier, the central is mountain, and the 
western is a sea slope. But the common fea- 
ture that spreads over them all is the blanket 
of aridity, shading off to humid on the mar- 
gins. 

The logic of this arrangement leads me to 
suggest that the Census Bureau may well take 
a new look at the divisions it now uses in its 
regional map of the United States. The trouble 

seems to have arisen when the census divisions 
were established, making the Mississippi River 
a dividing line. The Mississippi does not, in 
my opinion, divide the adjacent states on its 
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opposite banks. It unites them so far as 
culture is concerned. The Mississippi does not 
mark the generally accepted division between 
the East and the West. The dividing line be- 
tween these two great regions runs along the 
western boundary of the first tier of states 
west of the river. The West begins in this 
second tier, what I have called the Eastern 
Desert Rim states, and this fact is recognized 
in official maps of the West. The Census 
Bureau does not, however, recognize this fact 
in its regional divisions. It puts Louisiana and 
Arkansas in the West South Central division; it 
puts Missouri, Iowa, and Minnesota in the 
West North Central. Then it sets up to the 
east the East North Central and the East 
South Central (Fig. 2). I doubt there is any- 
one in my hearing who has not worked with 
the census divisions who can keep these four 
regions in mind or name the states that com- 
prise each one. 

Here then is my suggestion for possible con- 
sideration of the Census Bureau (compare 
Figures 1 and 2): 

1. Move the line dividing the East and the 
West from the Mississippi over to the western 
boundaries of the first tier of states beyond the 
Mississippi. This will make the map of the 
regions conform to the two grand divisions, 
the East and the West. 

2. Move Arkansas and Louisiana over with 
Mississippi and Tennessee to form the South 
Central region of only six states. 

3. Move Missouri, Iowa, and Minnesota 
over with Illinois and Wisconsin to form a 
middle western block of eight states, the North 
Central region. 

By making these changes we would get rid 
of two categories that are quite confusing, and 
have no more than eight states in any region. 
The three divisions in the West would all be 
true western states, and could be called the 
Plains region, the Mountain region, and the 
Pacific region. This is logical, simple, and in 
conformity with both geography and history. 
The Census divisions would then appear as on 
the revamped map. 

When I received this assignment, I had in 
mind using The Great Frontier, published in 
1953, to further illustrate how much intel- 
ligible history can be drawn from studying the 
relationship between the environment and the 
civilization. Here I used a much bigger can- 
vas. The territory, consisting of all the new 
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lands discovered by Columbus and his as- 
sociates, which I called the Great Frontier, 
lacks the unity of the Great Plains, and is a 
unit only in that it was all wilderness when 
tackled by the Europeans from the Metropolis. 
But again I selected a vantage point in the 
frontier, observed the people from the Metrop- 
olis as they invaded it, noted their reaction as 
they adapted their institutions to it. Most 
historians have marched with the invaders, 
emphasizing what they did to the wilderness; 
I stood in the wilderness and tried to observe 
what it did to the invaders. Time does not 
permit me to develop this exciting experience 
further. 

By way of conclusion, I want to repeat. I 
was extremely fortunate in my first effort in 
selecting an area beautifully adapted to a 
study of the relationship between geography 
and human action. When I finished The 
Great Plains, | tried to do a parallel study of 
the Eastern Woodland, but found it impossible 
for me. The land was too complex, and the 
evolution of the society was too hard to follow. 

As I see it now, The Great Plains, as it ap- 
peared in 1931, was incomplete. It was, and 
is, incomplete because it was confined to tell- 
ing the dynamic story of the movement of the 
people into the land. Actually it did not 
cover the entire West, but only the level por- 
tions of it. 

I regret to say it took me twenty-five years 
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to take the next step, and to find in the geog- 
raphy the key to the entire West of which the 
plains region is only a part. This key I finally 
found in the concept of the great desert, with 
the plains on its right flank and the Pacific 
coast on its left flank. When I discovered this, 
I saw that in The Great Plains 1 had in reality 
dressed down the right flank of the desert. 
Taking the desert as the center I now under- 
stand not only the struggle the people had in 
going out there, but also why they have 
formed the present patterns there. At last I 
think I know what makes the West what it is 
and what keeps it that way. 

Finally, I may point out, before someone 
else does, that the historian who lays his foun- 
dation on the ground and builds his historical 
superstructure on it is likely to come out with 
an assurance that can be annoying. This is 
especially true when he deals with a desert, 
which dictates so imperiously to man. He 
keeps looking at the desert, glowing and pal- 
pitating in the sun, making men stand back, 
reversing the normal relative value of land and 
water, frustrating man’s most determined ef- 
forts, making him bend to its will. There is 
a terrible logic about it, and the historian be- 
gins to follow this logic. It leads him into 
strange places, and the first thing he knows he 
is making suggestions to the geographers, map 
makers, and the Census Bureau as if he were 
their equal. 


COMMENTARY BY LORRIN KENNAMER 


The University of Texas 


In the paper by Professor Webb the perspective of 
a “geographic historian” is presented from two dif- 
ferent vantage points in both time and place. He 
viewed the American West in 1931 from a stance east 
of the Great Plains. Later in 1955 he viewed the 
West from a position within it looking outward. In 
both examinations, separated by approximately 25 
years, the Great Plains was considered. My com- 
ments will be confined to the region he discussed as 
the Great Plains in 1931 and which he discusses as the 
Desert Rim in his present paper. 

In both of his views he has seen the Great Plains 
a a semiarid area, as a rim area of the desert, and 
as an area in which permanent settlements are of an 
dasis type. His evaluation of this region through time 
has been consistent. 

' However, changes in land use on the Great Plains 
since his book, The Great Plains, appeared in 1931, 
do not indicate that those living in the area see the 
region as he does. A study of this book does not pre- 





pare one for a view of the Plains as they are used 
today. Nor does consideration of the Great Plains as 
a Desert Rim area explain the exploitative attitude the 
people of the Plains have toward their resource base. 
It is true that the influence of the desert on the west, 
which he recognizes, finds expression on the Plains in 
the practice of irrigation. It is true that the cyclical 
drought, which Professor Webb in print elsewhere 
has called the breath of the desert, is better under- 
stood by the people of the High Plains. Yet the 
people of the Plains today do not view their area as 
does Dr. Webb. In fact, it has been in the three 
decades since the appearance of his book on the region 
that agriculture has had the greatest expansion. This 
expansion of irrigated farming and concomitant urban 
development appears to be based on an unrealistic at- 
titude concerning the water supply of a semiarid area. 
It may well be that the influence of Professor Webb's 
realistic attitude is weakened by the fact that he is “a 
prophet in his own country.” 
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The year 1935, four years after Professor Webb's 
book appeared, was the last year that annual with- 
drawals of ground water on the Texas High Plains 
approximately equalled the annual recharge. Since 
that time, withdrawal has greatly exceeded recharge 
over most of the area. Today, this region is the largest 
ground-water-irrigated area of Texas. The increase in 
irrigation wells has been very rapid—8,356 wells 
operating in 1948; 42,225 wells operating in 1957. In 
1957, there were on the High Plains almost as many 
acres under irrigation as there were under irrigation in 
the entire state in 1954 (4,568,880 acres). Lamb 
County on the High Plains is a good example of this 
rapid expansion. In 1944 the county had 26,000 acres 
irrigated; in 1957 the total was 350,000 acres. 

The people of the High Plains of Texas are con- 
fronted with the related problems of a lowering water 
table, need for deeper and more expensive wells, de- 
creased average pumping rate, and lengthened average 
pumping duration (in 1948 only 18 percent of the 
wells of the area required a lift of more than 125 feet; 
in 1957, 71 percent of the wells had a greater lift). 
Thus, the situation on the High Plains is one of water 
mining. The withdrawal has been greater than the 
rate of recharge since the mid-30’s. This steadily in- 
creased pumping rate has led to the recent statement 
by the U. S. Senate Select Committee on National 
Water Resources that the reserve of ground water on 
the Texas High Plains will be exhausted in about 30 
years if the present pumping rate is continued. 

It appears that the irrigation practiced on this por- 
tion of the rim area of the desert can be considered an 
adjustment to the desert influence to the west, while 
the intensity and extent of water use could be con- 
sidered an influence from humid lands to the east. 
Thus, the people of the High Plains are still not 
viewing the region as does Professor Webb, as did the 
American Indian, or as did the early cattlemen. It 
would be helpful if the people of the eastern desert 
rim would “back off the plains” and take another look 
at it as Dr. Webb did in 1931, as he did in 1955, and 
as students of water problems are doing today. 

The foregoing comments regarding the extensive 
agriculture that has developed in the Texas High 
Plains since the 1930’s should not be taken to mean 
that Professor Webb’s evaluation of the Plains environ- 
ment was incorrect. In fact, official reports and com- 
ments from various agencies studying water use on the 
High Plains today state in essence the same conclu- 
sions written by Dr. Webb three decades ago. It is 
only the present use by the people of the region which 
appears to dispute Webb’s evaluation. This is illus- 
trated by examples of the evaluation of the region by 
Webb in 1931 and by others much later: 


Webb, The Great Plains, 1931, p. 330: 

. . . the ground water is an accumulation which 
has been made over long periods. It is a bank ac- 
count of great size maintained at a given level by 
a balance of small deposits and small withdrawals 
annually. If the withdrawals should be appreciably 
increased for purposes of irrigation, the bank ac- 





count would decrease correspondingly; that is, the 
water plane would be lowered, and since the amount 
of deposit is fixed on an average, the loss could not 
be made good, and the account would eventually be 
exhausted. . . . In the light of these considerations 
one must conclude that the prospects for agriculture 
in the Great Plains, taken as a whole, are not very 
encouraging. 


U. S. Senate Document No. 111, July, 1958, pp. 
4-5: 

Annual withdrawals from the Ogallala Reservoir 
[the major aquifer of the Great Plains] exceed com- 
bined withdrawals from all other ground-water 
reservoirs in the State [Texas] and greatly exceed 
the natural recharge. In response to pumpage, the 
water level in the highly developed parts of the 
reservoir has declined steadily. . . . About six mil- 
lion acres of the State’s irrigated area are supplied 
from ground water. A substantial proportion of 
this ground water, particularly in West Texas, is 
obtained from storage that is being progressively 
depleted. Consequently, a large part of the income 
and production from the State’s present agricultural 
development will be lost as ground-water supplies 
diminish. y 


Webb, The Great Plains, 1931, p. 322: 

This area has available a definite amount of 
moisture which in a given year is irregularly dis- 
tributed. The amount available for the entire area 
falls far short of the amount necessary for successful 
agriculture, either with or without irrigation. How, 
then, can we reasonably expect or truthfully assert 
that the Great Plains region has an agricultural 
future reasonably comparable with that of the 
humid land to the east? 


Irving K. Fox, Resources for the Future, Reprint No. 
15, January 1960, p. 19: 

. in the future, the economic growth of the 
West will be identified less with irrigation and more 
with the use of available supplies for municipal, 
industrial, and possibly recreation purposes. . . . 
Most of this growth will not be dependent upon an 
expansion of irrigation . . . in large areas irrigation 
seems destined to give way. 


Therefore, in this writer’s opinion, whether one con- 
siders the view of Professor Webb in 1931 or in later 
years, his evaluation of the High Plains is pertinent 
and accurate for the long-term view of man’s use of 
the region. The present use of land on the High 
Plains appears as a contradiction to Webb’s thesis only 
for the short period. The following quotation still 
pertains to the region: 


Webb, The Great Plains, 1931, p. 206: 

Since the destruction of the Plains Indians, and 
the buffalo civilization, the cattle kingdom is the 
most logical thing that has happened in the Great 
Plains, where, in spite of science and invention, the 
spirit of the Great American Desert still is manifest. 
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CoMMENTARY BY D. W. ME rnIG 


Syracuse University 


Professor Webb has favored us with a very personal 
statement about some of his ideas, how he acquired 
them, and what they have meant to him—and I think 
it a rare and rewarding kind of presentation. Because 
he has chosen to do this I have thought it appropri- 
ate to direct my remarks not so much toward his 
speech, as such, as toward the man and the implica- 
tions of his career. 

I would like, if I may borrow something of his own 
opening phrase, to talk about how a knowledge of 
historians and an interest in what one such as Profes- 
sor Webb has had to say, would enable us to under- 
stand geography and make a good deal of sense out 
of some of it that we might never otherwise be able 
to do. 

As a geographer, I am grieved by one of Professor 
Webb’s basic assumptions. I am grieved, not that 
he made it—but that it was necessary for him to make 
it. That this distinguished historian should, in an 
address to this Association, state his assumption that 
its members may not be thoroughly familiar with his 
books is, on the one hand, merely a gentle expres- 
sion of his modesty, but on the other, it can serve as 
an indictment of American geography. This gentle- 
man, of course, most certainly didn’t intend this im- 
plication—but I think it has some truth, and ought to 
be explored. Now of course there are many people 
here who have read his books, but I refer to this 
audience only as a symbol of American geography. 
And for all our interest in man and the land and in 
the methodology, content, and interpretation of re- 
gions, I do not see reflected in our literature much in- 
dication that American geography, as a profession, 
has really taken an interest in, nor understood the 
relevance of what this man has been doing. He 
ought to have been able to stand before any audience 
of American geographers knowing that his writings 
had been not only read, but praised, deplored, di- 
gested, dissected, and elaborated upon in our journals, 
theses, and methodological quarrels. But I don’t 
think that we have given him much basis for such an 
assumption. Yet here is a renowned scholar whose 
most famous book carries a bold regional title, pro- 
vocatively sub-titled “A Study of Institutions and En- 
vironment”; a man who has always been known as a 
“geographic historian,” and who has always talked 
about the “logic” he sees in the land. He has openly 
baited us—but we have failed to bite. His book, the 
most famous regional interpretation in American schol- 
arship, has never even been critically reviewed in our 
journals. 

I doubt that Professor Webb has been troubled in 
the slightest by this. To have one’s books greeted by 
silence is, of course, the most awful thing that can 
happen to a writer, but he has never suffered this 
calamity. The silence of the geographers would have 
been hard to detect amidst the discordant roar of 
praise and damnation from his historical and social 
science colleagues, not to mention the savage reac- 
tions of editors, chambers of commerce, and residents 
to his “desert theory” of the West. 





It is a remarkable thing that two of the most 
prominent, challenging thinkers about man and the 
land, about the processes of settlement, and about our 
evolving national regionalism, Frederick Jackson 
Turner and Walter Prescott Webb, stirred up an 
enormous and continuous ferment in their own field 
and far beyond, yet apparently failed to make any 
real impact upon American geographical thinking. 
Both were geographic historians and Professor Webb 
has made it appropiate to talk about both for his book 
The Great Frontier is a creative extension of at least 
an element of the Turner thesis. 

The geographic elements in the themes of these 
two men are quite different. Turner acknowledged 
his debt to Powell’s physiographic regions as providing 
a kind of stable framework, but Turner was not really 
closely concerned with the land. His thesis was 
geographic in the sense of space rather than of en- 
vironment. Turner’s frontier, as is always emphasized, 
was both a place and a process, but the latter was 
primary and place was generic rather than specific. 
There were four fundamental geographic elements in 
his theory: 


First: areal differentiation, in the qualitative 
contrast between the frontier and the older core. 
Second: spatial linkages between these two, 
the one feeding the other with men, materials, and 
capital, and receiving in return an outpouring of 
products and political and social influences. 
Third: cultural succession in space; because the 
frontier was a special type of area and had a special 
linkage, a set of inexorable processes took place 
transforming that area through a series of stages. 
Fourth: spatial movement, in the sense of the 
continuous advance of the frontier into new ground. 


Thus Turner was a true geographical rather than an 
environmental determinist. Further, his great corol- 
lary theme was also geographic, for “sectionalism” 
was simply political regionalism. These concepts 
were undoubtedly the most influential of their type 
ever to come from American scholarship. Yet, out of 
the enormous volume of commentary they produced, 
I am aware so far of only one direct critical reaction 
by a geographer—Carl Sauer’s insistence upon the 
eternal pluralism of the American frontier in a brief 
but sharp contradiction of Turner’s cultural succession 
theory, made over 30 years ago. 

The geographic elements in Webb’s Great Plains 
are basically environmental. He saw his region de- . 
fined in the face of nature, in the combined character 
of land, vegetation, and climate. He saw it as a rather 
rigid kind of stage which required very special adapta- 
tions on the part of the actors who might use it. Yet, 
because different groups of actors came with very dif- 
ferent ideas and equipment, the exact nature of the 
drama depended upon them. His historical examina- 
tion of the succession of peoples, though treated in a 
different manner, covers many of the essentials of the 
geographer’s concept of sequent occupance. Finally, 
throughout he sought to capture something of the 
intangible character of this portion of the earth and 
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what it has meant and done to man—in short, regional 
\ interpretation. 

What is there in these themes that the geographers 
ought to have taken notice of? Not those elements 
which the historians themselves recognize as being 
geographic, not the physical patterns of the land, for 
this we obviously already have in far greater detail 
and familiarity, and, we might gently add, had there 
been a closer liaison we might have promoted the 
borrowing of sharper tools than meridians and groups 
of states. So also, the “terrible logic” which Webb 
sees in the desert may be radically useful for the 
historian—though I think it has its dangers—but again 
this is our own familiar kind of logic. 

It is not these that we need. Rather it is the sense 
of time, the attention to change, the focus upon the 
processes of peoples dealing with the land, expanding 
and organizing space, and, finally, the bold attempt 
to grasp the full meaning of regionalism—not just how 
li is shaped in the land, but how it shapes our lives. 

I think that the geographer and historians such as 
Webb are, ultimately, engaged in the same thing— 


in regional interpretation in the fullest sense. 
ow badly we need this aid and stimulus from our 


geographic historians can be seen in the contrast be- 
tween the logic of our field and the results of our 
efforts. Take a look at the books in which a geog- 
rapher has attempted to deal in some comprehensive 
way with the West or one of its major regions. Only 
textbooks will appear and these, for all their stolidness 
and detail, present a common stereotyped pattern of 
physical and uniform economic regions, with perhaps 
a brief series of topical surveys. They have their 
value, they serve a purpose, they show that we are 
highly skilled at inventorying certain things, that we 
have made some useful analyses of some, and that we 
are fairly adept at illuminating certain kinds of region- 
al problems. But compared with our commonly ex- 
pressed aim of regional understanding the result is not 
very impressive. I have recently lived in the desert 
West in the midst of one of the most distinctive cul- 
ture regions in America, and I fail to find a single 
significant interpretive statement about that region in 
any of our books. It is neither delimited nor de- 
scribed, indeed it is never really recognized as such. 
Webb has said that the desert is the great shaping 
i dieimes upon the whole character of the West. What 
do we show him as the geographer’s interpretation of 
the West? Our regional textbooks will define that 
desert and bury him with facts about places and prod- 
ucts, but so what? What do we conclude? What do 
we say are the shaping influences? What have we 
distilled out of our regional examinations? What have 
our books to say about how cumulatively over the past 
three and a half centuries a remarkable range of 
peoples have entered that West, viewed the land, 
evaluated it, organized it, adjusted to it, and stamped 
upon it the most discordant variety of culture regions 
in America? 

I think that we have so far failed utterly to focus 
upon the full dimensions of our task. If we are con- 
tent with our present results then we have abdicated 
our responsibilities as regional interpreters, for those 
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outside our field who are interested in such matters 
simply pay us little attention. We have not produced 
the kind of provocative, stimulating interpretations 


| that demand attention. That is why those who want 


a really exciting insight into the character of the Great 
Plains turn to Webb. If after savoring him they want 
more ideas and unorthodoxy, they would be well ad- 
vised to turn to another “geographic historian,” James 
Malin. And if they want a really penetrating analysis 
of regional distinctiveness they may best read Carey 
MeWilliams on California: The Great Exception, or, 
perhaps, Leonard Arrington on the Mormon Great 
Basin Kingdom. That is why a volume on Regional- 
ism in America appears with twenty essays by authors 
from ten fields, but none by a geographer. That is 
why Max Lerner’s enormous, exciting, recent tour de 
force, America as a Civilization, contains a whole sec- 
tion on regions and regionalism, plus details on a 
dozen other topics we commonly include in our field, 
yet in a bibliography of hundreds of titles, I haven't 
been able to locate one by a geographer. How do we 
explain such a situation? To say that the fault lies 
with the author is too egocentric of us for anyone to 
swallow. The simple fact would seem to be that we 
have said nothing which has forced others to give us 
their attention. 

Our speaker tonight has never lacked attention. 
Whether everything he said in his regional study was 
right or not is less important than that he talked about 
important things and therefore people have listened 
to him. It would be foolish of us to try to imitate 
what he has done, but if we wish to be heard by 
those seeking to interpret America we must address 
ourselves in our own way to the same general objec- 
tives. 

Whereas Webb, as a historian, found a new insight 
by taking a vantage point on the land, we, as geog- 
raphers, will find it in taking the vantage point of 
peoples. The kind of regional interpretation suggested 
here can only come out of a fully developed cultural 
geography. We are not novices in that field, but cul- 
ture is inherently historical, and our greatest need is 
for the wholehearted systematic application of the 
historical view. Gradually we are coming to see that 
the historical dimension is not merely a permissible 
adjunct, but an absolute necessity to our work. Ina 
recent theoretical statement Ackerman stressed _ the 
importance of processes and the evolution of space 
content in the geographer’s task. But 20 years ago 
the President of this Association called for just this 
kind of firm commitment to historical geography and 
suggested then that it was “time for geographers to 
try to characterize the culture complexes and succes- 


sions in the settlement of the United States.” 


Had we done so, the intellectual alliance between 
geographers and “geographic historians” would long 
since have been formed. Had we done so, Turner and 
Webb and their disciples and critics would, as a mat- 
ter of course, have been thoroughly familiar to us and 
to our students. Had we joined with Professor Webb 
in our common intellectual quest, he might well have 
“enabled us to understand geography and make a 
good deal of sense out of some of it that we have as 
yet not been able to do.” 
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COMMENTARY BY Davin H. K. AmrrANn 


The Hebrew University, Jerusalem 


Every geographer listening to Professor Webb and 
reading his writings on the Great Plains and related 
subjects will be impressed by the remarkable grasp 
of geographic factors he has shown in analyzing this 
arid part of America. It apparently was he who first 
expressed the concept of precipitation effectivity and 
its significance in arid land evaluation, a few months 
before C. Warren Thornthwaite first introduced this 
concept into climatology. Webb stated time and 
again that to understand the historical development 
of any area one has to give due attention not only to 
its people but to the land itself. All historical de- 
velopment occurs on a geographic stage: one cannot 
understand the one without the other. Webb did note 
the many negative properties of arid lands, when ap- 
praised by man for his possible use. The basic feature 
of arid land is its deficiency in moisture, a most serious 
impediment indeed from the point of view of its use- 
fulness for man. Webb directed our attention to the 
significant distinction between the core area of an 
arid land—the true desert—and its rims or margins, 
the semiarid or semihumid regions, a _ distinction 
which often depends on the direction from which one 
looks at them. He has shown that one cannot change 
the real desert—at least not at present levels of 
technology and economics. 

Having followed so far the historian who applies an 
essentially geographic approach to the development of 
an area, one might offer the viewpoint of the geog- 
rapher in stating that within certain limits, in the de- 
velopment of arid lands the factors of human geog- 
raphy are no less decisive than those of the physical 
environment. Furthermore, the spatial or regional lo- 
cation of an arid region will be of profound im- 
portance. 

A closer scrutiny of these premises shows that the 
most important division is that between the arid lands 
and the semiarid ones. The arid desert is essentially 
anoicumene; man does not normally try to settle it 
except for very special reasons. These might be the 
utilization of mineral resources or the location of the 
desert region between two populated areas. Both 
these factors hold true for the American Desert. The 
great continental routes had to cross it, as did in 
Asia the Silk Road of ancient fame. Being related to 
mining or transportation, settlement in a desert area 
is to a high degree urban in character. Webb found 
this to be a characteristic of the American Desert, and 
it indeed is a significant feature of desert settlement 
everywhere. Such transportation-oriented settlement 
can undergo very extreme fluctuations, with changes 
in the technology of transportation or changes in 
regional trade—and again the Silk Road of Central 
Asia would be a good specimen. Such settlement is 
not dependent on local factors: it depends on the road 
—its revenue and its general economy. Under such 
conditions very remarkable things can be done, with 
technology and money. To cite but one specimen 
from the Near East: Some 2000 years ago, people 
moved into the Central Negev in the south of 
Israel to settle a major staging area on a then very 
important trade road, connecting the Mediterranean 
port cities with the Nabataean capital of Petra. They 
not only built a number of sizable towns, they even 





cultivated some 10,000 acres of land in a desert with 
3-5 inches of rainfall per year by making the most 
ingenious use of the run-off water procured by desert 
downpours. Later, road and society in that region 
became disorganized and the towns and their agricul- 
ture disappeared, without any change in the land or its 
physical resource base. This exemplifies another 
characteristic of arid lands: their occupance undergoes 
significant changes in time, not only in space. 

Progressing from the arid to the semiarid regions 
one finds again that it depends to a very considerable 
extent on man and on his assessment of priorities, how 
far the development of any semiarid country will ad- 
vance. If a sufficient area of humid land is available 
in a given country, little incentive will be encountered 
to develop semiarid land. If under such conditions 
semiarid land is cultivated, the tendency will be 
towards the more extensive types of cultivation. 

But if no alternative land resources are available, 
there is no choice but to depend on the semiarid land 
and to develop it to the best possible extent. As Dr. 
Webb has stated repeatedly, the critical deficiency of 
the arid zone is its high fluctuation in rainfall, even 
more than the small amount. One cannot reasonably 
expect to receive an average amount every year. An 
agricultural population under conditions such as these 
has to be supplied with a dependable amount of 
water. Generally water will have to be brought from 
an adjoining area which is less arid and agriculture 
has to be based on irrigation. Such a water-export 
area should not be at a prohibitive distance in coun- 
tries with limited land resources, which in general are 
countries small in size. The resulting pattern of set- 
tlement would be an intensively cultivated area, with 
a rather high concentration of settlement, contrasting 
against other noncultivated areas. The size of the 
cultivated area would depend on the amount of water 
which can be made available or which the agency 
directing the settlement would be willing to make 
available at any given time. There possibly would be 
an unused surplus of land with suitable soils for which 
no water would be available—at least during the 
earlier stages of a project. This is exactly what is 
being done in the Beersheba Basin of Israel at present. 
This region with a rainfall of 8 to 12 inches re- 
ceives irrigation water from outside the region, mak- 
ing its farmers independent from the irregularities of 
rainfall in any given year, and thus creating a stable 
rural society. As the yardstick for cost of development 
is the mile of pipeline, such development must be 
highly concentrated in area if it is to be an economic 
success. 

It appears that the unevenness of the settlement 
pattern, with high concentrations and rather large 
empty areas between is a normal feature of arid lands. 

Admittedly, such development is expensive, very 
expensive by the standard of people in humid lands, 
quite reasonable by the standard of people of semi- 
arid lands. But such development of semiarid lands 
is definitely possible. It seems sound policy in settling 
semiarid regions of countries with a shortage of 
cultivable land, as it is the only reliable way to create 
a stable rural society. 
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LINEAR TOPOGRAPHY IN THE SOUTHWESTERN 


PALOUSE, WASHINGTON-OREGON' 
PEIRCE F. LEWIS 


The Pennsylvania State University 


£ te Palouse region of the Columbia Basin 
is an area of rolling loessial hills which 
differs conspicuously from the mountains and 
basaltic scablands which surround it. Within 
the Palouse, however, there are major topog- 
raphic differences. The northeastern part is an 
area of stream-dissettéd topography in.a ma- 
ture stage of erosional development, and the 
drainage pattern is characteristically dendritic. 
In the southwest, by contrast, topography is 
markedly aligned, with a system of linear hills 
and valleys trending approximately N. 30° E. 


with great regularity (Figs. 1 and 2). The. 


purpose of this paper is to explain the origin 
of the linear topography, and to provide rea- 
sons for its geographic distribution. 

The area of aligned topography totals about 
two thousand square miles and comprises al- 
most half of the Palouse. Boundaries of the 
area are usually indistinct, especially to the 
northeast where the pattern of parallel ridges 
and valleys grades into the dendritic pattern 
which characterizes the remainder of the 
Palouse. The area is fragmented by large 
stream valleys and scabland channels, but 
lineation is a dominant feature of the land- 
scape throughout large tracts, with the trend 
of alignment maintaining a constant and uni- 
form direction. Taken as a whole, the linear 
area of the southwestern Palouse forms a 
discrete and unmistakable topographic entity, 
despite its discontinuity and vaguely defined 
boundaries. 

The dimensions of individual hills vary con- 
siderably from one to another but rarely go 
beyond certain upper limits. Few of the 
ridges are more than three hundred feet from 





* This paper is an outcome of field work in the 
Palouse during 1957-58, made possible by a National 
Science Foundation Post-Doctoral Fellowship at the 
University of Washington. The Central Fund for 
Research, The Pennsylvania State University, provided 
aid for laboratory work. Special thanks go to J. 
Hoover Mackin for his invaluable suggestions and 
critical commentary. G. F. Deasy, L. H. Lattman, 


and E. W. Miller read the paper and provided helpful 
criticism. 
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base to crest, and except where large streams 
are deeply entrenched, local relief seldom ex- 
ceeds that figure. The length of a hill occa- 
sionally reaches three or four miles, but a mile 
or two is more common. Any estimate of 
“average” size, however, is likely to be un- 
reliable, for many of the loessial ridges are 
much dissected. 

Although the Palouse has been the subject 
of a voluminous literature,” I know of no dis- 
cussion or even mention of the linear topog- 
raphy which is so characteristic of the south- 
western sector. Geomorphic work in the 
Palouse has been based largely on observations 
in the northeastern part, and most investiga- 
tors there, noting the dendritic drainage pat- 
tern and the intricate system of graded 
streams, have agreed with I. C. Russell’s obser- 
vation in 1897 that “the controlling features in 
the topography .. . are due to stream erosion.” 
Thus, while conceding the eolian origin of 
surface material, most geomorphologists have 





2 Extensive bibliographies are found in the follow- 
ing: Kirk Bryan, “The ‘Palouse Soil’ Problem,” U. S. 
Geological Survey Bulletin 790 (1927), pp. 21-45; 
Virgil R. D. Kirkham, “Bibliography of Chief Publi- 
cations on the Geology and Geography of the Inland 
Empire,” Northwest Science, Vol. 1, No. 2 (June, 
1927), pp. 33-38; R. F. Flint, “Summary of Later- 
Cenozoic Geology of Southeastern Washington,” 
American Journal of Science, 5th Series, Vol. 35, No. 
207 (March, 1938), pp. 223-30; Samuel Rieger, “De- 
velopment of the A: Horizon in Soils of the Palouse 
Area,” unpublished Ph.D. dissertation, Dept. of 
Agronomy, State College of Washington, 1952; 
Virgil W. Carmichael, “The Relationship of the Soils 
of the Palouse to the Columbia River Basalt,” The 
Compass of Sigma Gamma Epsilon, Vol. 34, No. 1 
(Nov., 1956), pp. 6-28; and Carl R. Schroeder, “The 
Physical Geography of the Palouse Region, Washing- 
ton and Idaho, and Its Relation to the Agricultural 
Economy,” unpublished Ph.D. dissertation, Dept. of 
Geography, U. C. L. A., 1958, pp. 24 ff. 

’ Israel C. Russell, “A Reconnaissance in South- 
eastern Washington,” U. S. Geological Survey Water 
Supply Paper 4 (1897), p. 67. See also Schroeder, 
op. cit., p. 86. 

*E.g., Paul D. Krynine, “Age of Till on ‘Palouse 
Soil,” from Washington,” American Journal of 
Science, 5th Series, Vol. 33, No. 193 (Jan., 1937), 
pp. 205-16. 
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Fic. 1. 


viewed wind action as having had, at most, 


only superficial effect on surface forms, With 
no influence at all on the main patterns of 
drainage and topography. 

This paper agrees with these views, pro- 
vided they are explicitly restricted to the 
It will argue, however, 


northeastern Palouse. 


Aligned topography in the 


southwestern Palouse and vicinity. 


that the classical explanations of topographic 
origin in the northeast cannot be applied to 
the southwest with its linear hills—that, in 
fact, the alignment and essential form of the 
linear topography has resulted from deposi- 
tion of loessial material by the wind, more 
rapidly in some places than in others. 


Perce F. Lewis 


9 north and slightly 
< Note 


conform with the pattern of lineation, whereas large streams do not. The re stream, seen in 
The area of low relief to the northwest is Eureka Flat; 
Army Map Service, Western U. S. High 


Fic. 2. Aerial ee of typical linear topography in the southwestern Palouse, about twenty 
west of “walle Walla ngton. Note the consistency with which major ridges trend approximatel 


that small streams common! 
the center of the bmn is the Touchet, flowing east to west. 
alternate dark and light patterns are due to fallowing of wheat fields. (Source: 
Altitude Project 100-B, Roll 2, No. 64, 22 Aug. 1952). 














here, mainly accordant with the present surface. 
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: 4 wee ile 
Fic. 3. Composite photograph, showing road cut neal the crest of a linear loessial ridge, Walla Walla 
County, about 2 mi. north of Shaw, Washington (T. 10 N., R. 35 E., Sec. 30). Caliche layers are visible 


The white streaks are surficial lime deposits, associated with 


two very dense caliche layers. Other layers beneath have been partly obliterated by slumping but can be traced 
in part by shadows cast on the side of the road cut. The cut is about forty feet deep where it transects the axis 


of the ridge. 


THE PROBLEM OF LINEAR TOPOGRAPHY 


This paper poses two basic questions. The 
first is genetic: what kind of mechanism will 
explain the formation of these linear loessial 
ridges, uniformly over a large area? The sec- 
ond is a question of geographic distribution: 
why, when the whole surface of the Palouse is 
underlain by loess, is linear topography found 
in the southwestern part.and not in the north- 
east? Both questions have more than local 
implications, for if given conditions will pro- 
duce linear hills in the southwestern Palouse, 
then similar hills should occur in loessial re- 
gions elsewhere if the same conditions are ful- 
filled. 


ORIGIN OF THE LINEAR HILLS 


Alternative Hypotheses 


Alignment of topography can be produced 
by any of several agencies of erosion or deposi- 
tion. Before stating the main argument, there- 
fore, it is appropriate to consider certain al- 
temative hypotheses and the reasons for re- 
jecting them 

It is conceivable, first of all that the-leessial 
Tidges were produced 1 by erosion, but strati- 
graphic evidence proves that it cannot be so. 
Several deep road cuts through the crests of 
loessial ridges expose conspicuous layers of 
caliche, lying approximately parallel to one 
another and to the present surface of the ridge 
(Fig. 3). One such road cut about fifteen miles 


Note other linear ridges in the distance to the left. 


north of Walla Walla, Washington, displays at 
least six such layers, the deepest of which is 
over fifty feet below the surface. Because 
caliche is a surficial phenomenon, associated 
with soil-forming processes in the “B” horizon, 
it is necessary to conclude that these deep- 
lying layers mark the approximate surfaces of 
earlier ridges, which were stable long enough 
to Seana ale to develop. The parallelism 
of the Galiche with the present surface makes 
it evident that the hills had essentially their 
present form throughout the time of loessial 
accumulation—in short, that the linear ridges 
were formed by accretion. 

It is possible to narrow the range of inquiry 
still more by considering two further alterna- 
tives. On the one hand, linear landforms may 
predate the deposition of loessial material, th ‘the 
loess being merely a superficial blanket. This 
alternative contends that the present topog- 
raphy is a slightly altered copy of something 
older—that the linear pattern is not genetical- 
ly related to the existence of loess, because the 
lineation was already there. 

The second and contradictory hypothesis 
Ww ould hold that the alignment of topography 
was produced because Toess accumulated most 
rapidly in certain elongate areas, @ventually 
producing liméar hills” Although this hypo- 
thesis does N6 reject the possibility of some 
pre-loessial alignment, it denies that the pres- 
ent topography is a copy of earlier lineation. 
This hypothesis asserts that the presence of 
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loess was essential to the ation of these 


linear hills, and that without the loess there 
would _ have been no such alignment as is 
found today. 

If lineation of topography existed before the 
loess accumulated, it is reasonable that such 
¢ lineation should be visible in nearby areas 
/ which are not covered by the loessial blanket. 
Neighboring nonloessial areas of the Colum- 
bia Basin were examined, therefore, in an at- 
tempt to discover other types of linear topog- 
raphy, which, had they been covered by loess, 
might have produced aligned hills like those of 
the southwestern Palouse. Three types of non- 
loessial lineation were found. 

One kind of alignment occurs where con- 
sequent streams flow parallel to one another 
down a steep regional slope. Such streams 
have produced a conspicuous linear pattern 
where they flow down the south flanks of the 
Horse Heaven Hills, an anticlinal ridge just 
west of the Palouse. If such stream alignment 
is to explain the linear pattern of the south- 
western Palouse, however, one should find a 
steep regional slope there, either toward the 
south-southwest or toward the north-northeast. 
Furthermore, this slope should become gradu- 
ally more gentle toward the nonlinear north- 
eastern Palouse. No such slope exists, and 
the idea is rejected. 

A second kind of aligned drainage occurs 
where subsequent streams have eroded head- 
ward along parallel joints in the Columbia 
River basalts. Joint-controlled stream chan- 
nels are prominent features of a scabland 
tract along the lower Palouse River (Fig. 4);° 
they present an almost identical pattern at 
Wallula Gap, fifty-five miles to the southwest; 
and they are visible at several intervening 
points (Fig. 1). They have no apparent re- 
lationship with the loessial hills, however, for 
they trend in quite a different direction. 
Aerial photographs, moreover, reveal many 
places where joint-controlled channels disap- 
pear beneath a loessial cover and immediately 
lose all topographic expression (Fig. 4). 

Longitudinal sand dunes compose the third 
and last kind of linear landforms to be ex- 


* Donald E. Trimble, “Joint Controlled Channeling 
in the Columbia River Basalt,” Northwest Science, 
Vol. 24 (May, 1950), pp. 84-88. See also Trimble’s 
Geology of the Haas Quadrangle, Washington, VU. S. 
Ceological Survey Geological Quadrangle Map CQ 43, 
with text (1954), 


amined for possible relationships with the loes- 
sial ridges. Along the Columbia River, notab. 
ly near Pasco, Washington, and Umatilla, Ore. 
gon, strong southwesterly winds have formed 
blowouts in shallow sand which overlies ter. 
race and floodplain gravels. These blowouts 
advance downwind and leave behind them 
two straight ridges of sand, between which is 
a furrow which marks the blowouts earlier 
path. These dunes, similar to those which 
Hack has called “parabolic dunes,”* produce a 
strikingly linear pattern which, when seen 
from the air, looks as if a giant rake had been 
drawn across the surface (Fig. 5). It is con- 
ceivable that such longitudinal dunes might 
have formed before the loessial blanket was 
deposited, and that the linear hills of the 
southwestern Palouse are really sand ridges 
with a loessial veneer. Today’s active dunes 
are aligned in a slightly different direction 
than the loessial ridges (Fig. 1), but a change 
in wind direction within the past few thousand 
years could easily explain the discrepancy. 
There are two reasons, however, for believing 
that such longitudinal dunes have nothing to 
do with aligned topography in the southwest- 
ern Palouse. In the first place, all linear 
ridges should have cores of dune sand, but 
there is no evidence that they do. Wherever 
the base of the loess is exposed, it almost in- 
variably rests directly on basalt; in no place 
was dune sand found at the contact. In the 
second place, the longitudinal dunes are of a 
totally different order of magnitude than the 
loessial hills. Whereas the Palouse ridges 
commonly measure two or three hundred feet 
from base to crest, the dunes in question are 
seldom more than ten feet high, and are usual- 
ly much less. These dunes do not rise to great 
heights chiefly because the veneer of sand is 
thin. About twenty miles northeast of Pasco, 
Washington, the sand gradually becomes 
thicker, and the dunes grow higher, but as 
they do so, they cease to be either longitudinal 
or linear. Instead, large “transverse dunes” 
have developed, crudely scalloped in ground- 
plan and aligned northwest-southeast. In sum, 
even though they have been blanketed by 
loess, neither longitudinal nor transverse dunes 


“John T. Hack, “Dunes of the Western Navajo 
Country,” Geographical Review, XXXI (1941), Pp 
242. 

* [bid., p. 241. 
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_ Fu. 4. Aerial photograph of the lower Palouse River scabland tract and adjacent loessial areas. The Palouse River can 
be seen in the center of the photo, flowing southward to join the west-flowing Snake River. The conspicuous angulate pattern 
was caused by differential fluvial erosion, controlled by two sets of joints in the basaltic floor of the scabland channel. Linear 
ridges can be seen in the eastern part of the photo, and also in the southwest on an “island” in the scablands. Note 
the contrast between the orientation of loessial ridges and joint-controlled channels, and the apparent absence of joint control 
‘ ial topography. Note also the truncation of loessial ridges, evidently caused by the same fluvial erosion which produced 
the seablands. (Source: Army Map Service, Western U, S. High Altitude Project 100-B, Roll 3, No. S11, 28 Aug. 1982). 
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Puc. 5. Aerial photograph about twenty miles north-northwest of Pendleton, Oregon; the large river is the Columbia; the 
cliffs at the northern edge of the photo are part of Wallula Gap. Three kinds of linear topography are visible: (1) Loessial 
ridges in the eastern part of the photo trend about N, 30° E.; note that the south-southwestern extremities of these ridges 
are mainly associated with high points along the cliffs of east-west trending stream valleys, so that the ridges appear to “stream 
toward the north-northeast, but not toward the south-southwest. (2) Longitudinal sand dunes are aligned about N. 55° E. 
in the southwestern quarter of the photo; where the dunes have advanced farthest eastward, they have crossed loessial ridges, 
causing superposition of one kind of lineation on another, (3) Traces of joint-controlled lineation are visible in the dis- 
sected basalt just to the east of Wallula Gap; cf. Figure 4, showing similar joint-control on a larger scale. (Source: Amy 
Map Service, Western U.S, High Altitude Project 100-B, Roll 5, No. 570, 1 Sept. 1952). 
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are likely to have formed ridges such as those 
in the southwestern Palouse. 


The “Wind-Shadow” Hypothesis 


Of the three kinds of linear topography to 
be seen in the Columbia Basin outside the 
loess-covered areas, all appear unrelated to 
linear ridges in the loess itself. It is reason- 
able, therefore, to set aside the notion that 
lineation in the Palouse is a contemporary 
copy of a pre-loessial alignment, and to con- 
sider the alternative hypothesis—that the line- 
ar ridges were formed because the loess ac- 
cumulated more rapidly in some places than in 
others. 

If the wind is carrying loessial material in 
suspension, deposition will occur wherever 
wind velocity is sufficiently reduced. The 
eroded basaltic surface which predates the 
loess must certainly have presented many 
obstacles to the wind, and in the lee of such 
obstacles there would have been zones of re- 
duced wind velocity wherein loess would ac- 
cumulate more rapidly than elsewhere. Such 
zones—or “wind-shadows’—would be _ of 
elongate shape, tapering downwind from the 
obstacle. Hence, if silt-bearing winds blew 
again and again from approximately the same 
direction, an elongate ridge would develop in 
the wind-shadow of each obstacle, each ridge 
lying parallel to wind-direction and aligned 
with other ridges developing at the same time. 


Evidence in Support of the Wind-Shadow 
Hypothesis 


Three lines of evidence lend support to the 
wind-shadow hypothesis. The first is based on 
analysis of the drainage pattern, the second on 
examination of individual ridge forms, and the 
third on a reconstruction of past wind be- 
havior. 

1. Throughout much of the southwestern 
Palouse there is a marked tendency for small 
streams to be aligned in conformity with the 
topographic pattern. More sizeable streams, 
by contrast, show no apparent relationship to 
the trend of lineation (Figs. 1 and 2). 

The wind-shadow hypothesis provides a 
reasonable explanation for this peculiarity of 
drainage. During the time when loess was 
accumulating, there must have existed a con- 
test between eolian and fluvial processes for 
control of topographic form, eolian processes 
tending to produce a linear pattern, fluvial 
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processes tending to keep the main pre-loes- 
sial pattern intact. In order for a stream to 
maintain its course against the encroachment 
of a growing linear ridge, a stream had to be 
large enough to erode the loess more rapidly 
than it accumulated. Even at times of greatest 
deposition the wind could make no progress 
in extending a fragile loessial ridge across a 
major stream channel. Upvalley, however, 
there must have come a place where streams, 
carrying water only at rare intervals, were so 
small that they could remove no appreciable 
amount of loess. If such a stream lay trans- 
verse to wind direction, its valley would act as 
a trap for wind-borne silt; eventually, the val- 
ley would be buried and drainage rerouted in- 
to parallel channels between the newly-form- 
ed linear hills. Stream valleys which chanced 
to lie parallel to wind-direction, however, 
would serve as funnels for the wind, and rela- 
tively little deposition would occur. In time, 
a characteristic drainage pattern would de- 
velop, where streams in their lower courses 
followed irregular paths, but in their head- 
waters followed the alignment of the linear 
hills. In short, the pattern would be much like 
that which is seen today in the southwestern 
Palouse, and which contrasts so sharply with 
the dendritic drainage of the northeastern part 
(Figs. 6 and 7). 

2. The loessial ridges, when considered 
individually, likewise exhibit peculiarities of 
shape. Viewed in long profile, many of the 
ridges are consistently asymmetrical, termi- 
nating abruptly at their south-southwestern 
extremities, but sloping off more gently toward 
the north-northeast. Such asymmetrical ridges 
are especially conspicuous where relatively 
large streams cross transversely the trend of 
loessial alignment and have cut into the under- 
lying basalt. In such places, the clearly mark- 
ed south-southwestern ends of the hills abut 
directly on the edges of the transverse valley, 
but as the ridges extend to the north-northeast, 
they lose identity very gradually. Where 
several such hills occur side by side, a distine- 
tive topographic pattern results, the parallel 
ridges resembling a row of banners with nar- 
rowed ends, streaming out from a flagpole in 
a strong south-southwesterly wind (Fig. 5). 

This peculiar pattern is clearly consistent 
with the wind-shadow hypothesis. The dis- 


sected basaltic walls of the transverse valley 
would confront the wind with a whole series 
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Fic. 6. Characteristic drainage pattern in lineated portions of the southwestern Palouse. Note that the 
alignment of drainage is best developed where streams are smallest. 


of high obstacles, each with its wind-shadow, 
and each serving as a fixed point from which 
a loessial ridge might extend downwind. The 
shape of the ridge would conform to the char- 
acteristic shape of the wind-shadow, sharply 
outlined in the immediate lee of the obstacle, 
but increasingly diffuse with greater distance 
from it. 

3. If the wind-shadow hypothesis is valid, 
the orientation of asymmetrical ridges clearly 
demands acceptance of a corollary proposi- 
tion, namely, that silt-bearing winds must have 
blown from the south-southwest with great 
consistency. Absolute proof of such a proposi- 
tion is obviously impossible, but field evidence 
suggests that it is not unlikely. 

Although most investigators apparently be- 
lieve that the loessial material originated from 
water-laid sediments to the south and west of 
the Palouse, opinion is by no means unani- 
mous. Campbell, for example, has expressed 
the belief that the bulk of loess could not have 
come from the southwest, and suggests that 
northerly winds, possibly associated with a 
glacially-induced anticyclonic system, might 


well account for the deposition of silt.’ If 
Campbell’s view is correct, the wind-shadow 
hypothesis is obviously untenable. In an at- 
tempt to determine the direction of silt-bear- 
ing winds, therefore, the loess itself was ex- 
amined. 

Determination of wind-direction was based 
on the premise that median grain-size of loes- 
sial material must decrease with increasing dis- 
tance from the source area. Samples of loess 
were collected for grain-size analysis® from 


8 Charles D. Campbell, “Introduction to Washing- 
ton Geology and Resources,” Information Circular 22, 
Div. of Mines and Geology, Dept. of Conservation 
and Development, State of Washington, Pullman 
(1953), pp. 146-47. 

® Samples were analyzed for grain-size by use of a 
Bouyocos hydrometer, after a technique modified 
from that recommended by the American Society for 
Testing Materials in Procedures for Testing Soils, A. S. 
T. M. (April, 1958), pp. 67-68, 83-93. Because 
standard A. S. T. M. techniques did not produce com- 
plete disaggregation of loessial samples, the following 
adaptations were introduced: (1) solution of CaCO0* 
aggregates in a dilute (1:10) solution of hydrochloric 
acid at 100°F. (acid was added until no further re- 
action occurred, and was then removed by filtration 
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Fic. 7. Dendritic drainage pattern of the northeastern Palouse. 


Note the difference, compared with 


Figure 6, which shows the linear pattern of the southwest. Note also that the drainage texture is finer here 
than in the southwestern Palouse, mainly attributable to greater rainfall in the northeast. In addition, average 
grain-size of loess is larger in the southwest, which may increase permeability and reduce potential runoff. 


twenty-three sites, composing a traverse across 
the Palouse from southwest to northeast. 
Wherever possible, at least two samples were 
taken from each site, one at about six feet be- 
low the present surface to reflect the most re- 
cent episodes of deposition, and a second at 
depths ranging from fifteen to thirty feet, 
representing earlier episodes. A base-line was 
then drawn at the southwestern margin of the 
Palouse, perpendicular to the trend of linea- 
tion, and the median grain-size of each sample 
was plotted as a function of distance from the 
base-line. The resulting graph (Fig. 8) shows 
the change in grain-size from southwest to 


and rinsing); (2) mechanical disaggregation of clay 
by placing each sample in a high-speed kitchen 
blender for five minutes, in combination with 125 ml. 
at standard concentration wetting-agent (40 g. of 
odium-hexametaphosphate to 1000 ml. of water). L. 
H. Lattman and the College of Mineral Industries, 

Pennsylvania State University, graciously made 
wailable the facilities of the Soils Geology Laboratory, 
= Gerald J. Karaska assisted in the laboratory 


northeast, both in surficial materials and in 
materials at depth. Also included in the graph 
were data collected by P. D. Krynine from 
two sites near Spokane, Washington, on the 
extreme northeastern margin of the Palouse."’ 

The general decrease in grain-size from the 
southwestern to the northeastern Palouse 
shown by the graph is confirmed by statistical 
analysis.'' Data from other sources support 
the same conclusion. Rieger has collected 
samples along two east-west traverses from the 
Columbia River to the foot of the Idaho 
Rockies,'* and Kraszewski made a _ shorter 
east-west traverse in the region between the 


1 Krynine, op. cit., p. 208. 

™ For data from surficial samples, n = 1S and fF 
= 0.6471, where n is number of samples, and & is 
coefficient of determination; for data from samples at 
depth, n = 16 and F 0.4592; r is significant be- 
yond the 1° probability level in both cases. Prof 
John C,. Griffiths, Dept of Mineralogy, The Pennsyl- 
vania State University, aided in manipulation of these 
data, 
' Rieger, op. cit. 
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Touchet and Snake rivers.1* The results of 
both investigations support the thesis that 
loess from the southwestern Palouse is 
coarser than that in the northeast. Flint, like- 
wise, has concluded “that the average grain- 
size (of the ‘Palouse soil’) decreases conspicu- 
ously from the Pasco Basin northeastward to- 
ward Spokane ... , Pullman, and Colfax.” 
In short, silt-bearing winds did not blow from 
the north or east for any appreciable span of 
time; almost certainly their main direction was 
southwesterly, or nearly so, as the wind- 
shadow hypothesis demands. 

The hypothesis also requires that silt-bear- 
ing winds were highly consistent in direction, 
for if they had varied substantially, the loca- 
tion of wind-shadows also would have varied, 
and loessial ridges would never have formed. 
Direct proof of such consistency is obviously 
impossible without access to Pleistocene 
weather records, but data from three weather 
stations near the Palouse show that winds 
which carry dust today almost invariably blow 
from the same quarter. Records of dust storms 
for the period from January, 1949, to June, 
1957, were obtained from the U. S. Weather 
Bureau Stations at Walla Walla, Washington, 


** Stefan Kraszewski, “Morphology and Develop- 
ment of Palouse and Related Series,” unpublished 
Ph.D. dissertation, Dept. of Agronomy, State College 
of Washington, 1952, pp. 17-56. 

4 Flint, op. cit., p. 227. 





Variation in median grain-size of Palouse loess from south-southwest to north-northeast. 


and Pendleton, Oregon.'® The direction and 
velocity of winds were tabulated for each 
storm, and the data recorded in graphic form 
(Fig. 9). Similar data, collected at Spokane 
by Bryan for the period 1905-1925, were also 
plotted on the same basis.1° The consistency 
of wind direction during dust storms is obvious 
from an examination of all three graphs: at 
Walla Walla, 84 percent of all dust storms 
originate from one quarter of the compass; at 
Pendleton the figure is 88 percent, and at 
Spokane it is 95 percent. It cannot be main- 
tained that contemporary wind behavior dup- 
licates that of the past, and especially that 
wind direction was the same then as now. 
Present-day data, however, do show that silt- 
bearing winds of highly persistent direction 
cannot be regarded as unlikely in the past. 


LINEAR TOPOGRAPHY IN OTHER LOESSIAL AREAS 


Linear topography, evidently similar to that 
of the southwestern Palouse, has been noted 
by investigators in loessial regions elsewhere. 
W. L. Russell has described an area in the 
western Great Plains where at least 125,000 
square miles exhibit a marked alignment of 


15 Thanks is expressed to Mr. Lester B. Larson, 
Meteorologist-in-charge, U. S. Weather Bureau, Walla 
Walla, and to Messrs. Rex J. Hess and Louis M. Jones 
of the Weather Bureau at Pendleton for their coopera 
tion in making these data available. 

16 Bryan, op. cit., p. 39. 
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DIRECTION AND VELOCITY OF 
WINDS DURING DUST-STORMS 


PENDLETON, OREGON, 1949-1957 
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Fic. 9. Each dot represents direction of winds at 
peak velocity during one recorded dust storm. Data 
from the three stations are not strictly comparable. 
Winds at Spokane and Walla Walla are recorded on 
an eight-point compass, whereas Pendleton’s are on a 
sixteen-point compass. Also, weather instruments at 
Walla Walla are located downtown and are partly 
sheltered by large buildings; recorded velocities are 





valleys and ridges in a northwest-southeast di- 
rection. Russell attributed the linear pattern 
to the concentration of wind-borne material 
downwind from surface irregularities.‘ Al- 
though the brevity of Russell’s analysis permits 
no detailed comparisons, his views concerning 
the origin of alignment in the Great Plains 
seem essentially to correspond with my find- 
ings in the southwestern Palouse. 

Apparently similar lineation has also been 
recognized in the loessial areas of central 
Europe. Alfred Jahn has described “longi- 
tudinal streaks of loess” and “loess bridges” 
which extend across river valleys on the Lublin 
Plateau of Poland. Jahn refers to these linear 
features as “primary phenomena” which owe 
their origin to deposition of silt by easterly 
winds.'* Linear hills, called zavieja, also 
occur in the loess of Czechoslovakia. Their 
origin has been ascribed to deposition of wind- 
borne silt in the lee of pre-existing hills by 
winds which blew primarily from the south- 
west.'® 


RECENT CHANGES IN LINEAR TOPOGRAPHY 


Most linear ridges in the southwestern 
Palouse are extensively dissected by small 
streams, and some have been altered almost 
beyond recognition. There is no doubt that 
at least some of these ridges were once con- 
tinuous, for road cuts through ridge crests ex- 
hibit caliche layers, mainly accordant with the 
present surface, but abruptly truncated where 
tiny streams have eroded headward into the 
flanks of the ridges. The extent of dissection 
by very small intermittent streams indicates 
the possibility that the eolian processes which 
built the linear hills are no longer acting to 
perpetuate them. This possibility is sup- 
ported by the certain knowledge that the loess 


'7“Drainage Alignment in the Western Great 
Plains,” Journal of Geology, Vol. 37, No. 3 (1929), 
pp. 249-55. 

'S Alfred Jahn, Wyzyna Lubelska (Warszawa, 
1956), pp. 447-48. 

'? Alfred Jahn, personal communication, Sept. 12, 
1959. See also V. Ambroz, “Sprase Pahorkatin,” 
Sbornik Stdtniho Geologického Ustavu Ceskoslovenské 
Republiky, X1V_ (Praha, 1947). 


higher at Pendleton, where instruments are located at 
an exposed position at the airport. The source of 
Spokane data is Kirk Bryan’s “The ‘Palouse Soil’ Prob- 
lem,” U. S, Geological Survey Bulletin 790 (1927), 
p. 39. 
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has long since ceased to accumulate in the 
southwestern Palouse. It follows, if the wind- 
shadow hypothesis is valid, that linear topog- 
raphy has likewise ceased to form. 

It might be difficult to convince a person 
who has experienced a blinding Palouse dust 
storm that silt is no longer being deposited. 
The testimony of persons familiar with the 
region, however, indicates that dust storms of 
present-day intensity were unknown before 
the 1890's, when farmers first settled in the 
Palouse, broke the sod, and exposed the friable 
loess to the full blast of the wind.”° Intense 
as they are, the recent dust storms have pro- 
duced only a negligible accumulation of loess 
by contrast with earlier episodes of deposition. 
Indeed, glacial drift and scabland channels are 
very nearly free of wind-borne silt, and Bryan 
has concluded that “the present dust storms 
probably deposit dust at a greater rate than at 
any time since the Wisconsin glaciation.””' 
With no renewal of the loessial blanket, fluvial 
processes would have gained the ascendancy 
everywhere, dissecting the linear hills at a 
rate far in excess of that previously, and in a 
manner which apparently continues at the 
present time. 


DISTRIBUTION OF LINEAR TOPOGRAPHY 


This paper has raised two major questions, 
the first concerned with origin of linear hills 
as such, for which the wind-shadow hypo- 
thesis has been offered as an answer. The 
second question, now to be considered, asks 


“ Bryan, op cit., p. 41. 
41 [hid., pp. 44-45, 





Wind direction at various velocities, Walla Walla, Washington, 1937-41. 


why linear topography is distributed the way 
it is—widespread throughout the southwestem 
Palouse, but practically nonexistent in the 
northeast. 

Either of two possibilities might explain the 
difference in distribution. The presence of 
linear hills presumably required (a) a certain 
kind of wind behavior, and (b) a certain kind 
of material. While it is practically impossible 
to reconstruct past wind behavior with any cer- 
tainty, the velocity and direction of winds 
during present-day dust storms appear to be 
much the same in the northeast as in the 
southwest, and it may well have been so in the 
past. Loessial material, however, is not the 
same. 

Forty-four samples of loess taken from lin- 
ear areas show a range in median grain-size 
between 0.0270 mm. and 0.0405 mm., with an 
average of 0.0329 mm. The median sizes of 
twenty samples from nonlinear areas range 
between 0.0175 mm. and 0.0280 mm., with an 
average of 0.0232 mm. It would appear that 
lineation in the Palouse is associated with loess 
whose median grain-size exceeds 0.0270- 
0.0280 mm. Conversely, if median grain-size 
is less than that figure, linear topography does 
not develop. Russell suggests a similar situa- 
tion in the linear ridges of the Great Plains, 
describing the material which composes the 
ridges as loess-like in appearance, but “slight- 
ly coarser” than ordinary loess.** 

It becomes possible, therefore, to rephrase 
the main question as follows: why is linear 
topography in the Palouse found only in as 


““W. L. Russell, op. cit., p. 255. 
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sociation with coarse-grained loess? If winds 
of the past were similar to those which blow 
today (a supposition which is likely but not 
provable ), the wind-shadow hypothesis pro- 
vides a framework for a possible answer. 

Since the linear hills are composed of rela- 
tively coarse material, wind velocity must have 
been relatively great in order to have carried 
it. Data from the Walla Walla Weather 
Bureau show that high-velocity winds today 
are extremely preferential in direction, where- 
as low-velocity winds are considerably more 
variable (Fig. 10). If the same tendency ex- 


isted in the past, wind-shadows would have 
been oriented consistently in the same direc- 
tion when strong winds were blowing. Al- 
though silt would be dropped wherever wind 
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velocity decreased below a certain point, the 
coarse fractions would be the first to be de- 
posited. The presence of consistently aligned 
wind-shadows would cause just such reduc- 
tions in velocity, thus resulting in the selec- 
tive deposition of coarser fractions in the form 
of linear hills. These hills would necessarily 
be located closest to the loessial source area— 
in the Palouse, toward the southwest. Finer 
fractions, however, carried farther to the 
northeast, would be deposited only when 
winds reached a lower velocity, and such 
winds today are relatively variable in direc- 
tion. With shifts in wind direction, the loca- 
tion of wind-shadows would also have shifted, 
and linear hills would never have formed. 
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THE IMPACT OF EXPANDING METROPOLITAN COMMUNITIES 








UPON THE CENTRAL PLACE HIERARCHY 


BRIAN J. L. 


BERRY 


University of Chicago 


T His study, part of a continuing program of 
central place research,' points out dif- 
ferences in the population:function ratios of 
central places located on either side of the 
daily commuting range of metropolitan 
centers. A single case is studied from two 
viewpoints: (a) the varying structure of the 


central place system Tying athwart-the com- 


ct orate process 
of differentiation of this structure as the 








drawn wi 


relations. Findings lead to a re-examination - 


of conctepts of metropolitan dominance. 
BACKGROUND 


Many investigations ded that a 












central } jerarchy is a fundamental-fea- 
ture_of | ion Of eco- 
nomic life.” Empirical pot it empha- 
sized by these investigations include: (1) a 


hierarchy of urban centers and business dis- 





lower order trade areas within the trade areas 

fe i vels of the hier- 
archy; (4) even spacing of centers of the same 
level where the major economic base of these 
centers consists of central place functions. 
Central place theory, using the concepts of 
range and threshold, provides an explanation 
for these regularities and a clear statement of 





' The research was first undertaken as part of the 
Highway Economics Studies at the University of 
Washington and is now part of the project “Compara- 
tive Studies of Central Places” at the University of 
Chicago under the auspices of the Office of Naval 
Research, project designation NR 389-126, Contract 
NONR-2121 (18). 

* For a general review of many of these studies, see 
Section If of William L. Garrison, Brian J. L. Berry, 
Duane F. Marble, John D. Nystuen, and Richard L. 


Morrill, Studies of Highway Development and Geo- 
graphic Change (Seattle: 
Press, 


University of Washington 
19%), 
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the relationships between them and the spatial 
structure which, together, they create. 
Evidence has also _been produced that sug. 
gests the presence of metropolitan dominance, 
whereby metropolitan centers dominate_gnd, 
through time, tend to ‘usurp. the Functions-of 
centers which lie within their sphere-of-infle 
ence.* Studies point to an increasing depend- 
ence of residents of outlying areas upon the 
factlities_of the-metroepelis-when- these—areas, 
and the centers which previously serviced 
them, are brought within the me tropolitan 


community. Bogue, for example, has observed 


that ver ge acts as g.general factor in 
the sizé“and location of hinterland cities.‘ 


Similarly, Isard and Whitney record that for 
100 cities of similar retail structure in 1890, the 
automobile has evoked a differentiation of 
functions between central and outlying cities 
as follows: (a)_core cities have appropriated 


trade in_ general merchandise and_ é and apparelat 


=— the expense of cities within a 20-mile radius; 


(b) sales of immediate consumer goods (e.g, 
food and drugs) have been usurped least; (c) 
per capita sales figures re reveal a general _Ie- 
tail site selection in favor of ‘metropolitan 
centers when compared with cities located 
within-a-20-mile radius of these _metropolitan 
centers.* The 20-mile radius approximated, at 
the time of Isard and Whitney’s study, the 


commuting range of the metropolis had roaél. 







Note how expansion influ- 
; Perhaps the 
ost impo éason for growt of metro- 


politan communities is investment in new and 


improved highway facilities, leading to reduc- 
fon of the frictions of space and to increased 


2? 


*One may refer to the early work of N. S. B. 
Gras and R. D. McKenzie. 

* Donald J. Bogue, The Structure of the Metropoli- 
tan Community (Ann Arbor: University of Michigan 
Press, 1949). 

W. Isard and V. Whitney, 
lection,” Social Forces, Vol. 27 (1949), pp 
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. 263-69. 
























Jatial 


Sug- 
Ince, 
and, 
sof 
Hb 


end- 


ities 


ted 


Ic- 














Florence ¢ 
h ilvana 
Worn Beach 


Vas Gia 


Vibe) 


Ne 


Mukilteo 


Alderwood Manor 


Edmonds of 





Lynnwood 
















e Maltby 
%, 


g Woodinville 
> 







iy 
ie Hy a, 
ey Lith Th 







Bellevue 
4 N 














Fic. 1. The Study Area. Centers are identified by 
their rank in the hierarchy, viz: first order centers by 
dots, second order centers by circles around dots, 
third order centers by stars. Everett is of fourth 
order, and Seattle of fifth. The commuting range of 
Seattle is described by a line joining Edmonds in the 
west with Lynnwood and Maltby to the east, then due 
south. U. S. Highway 99 runs north from Seattle 
through Lynnwood and Everett, by-passes Marys- 
ville and continues north to Mount Vernon. Stippled 
areas indicate public and private forest lands and 
reservations, and in the east coincide with the western 
foothills and slopes of the Cascade Mountains. 


specialization and interchange.’ One implica- 
tion 6 i -of commuting 
over greater distances which, in turn, implies 
the expansion of metropolitan communities. 


This paper is designed to bring together the 
two concepts—of ‘aauuieat-ahiat Geteun aha 
stepdlian dominance by examining oir 
ferentiation introduc al place 
gierarchy by metropolitan. influences-as-high- 


ways are improved and commuting range is 
extended. 








*Brian J. L. Berry, “Recent Studies Conce ring the 
Role of Transportation in the Space Economy,” An- 
aals, Association of American Geographers, Vol. 49 
1959), pp. 328-42. 
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To avoid entering into the contemporary 
controversy concerning the meaning of the 
term “metropolitan community,” the follow- 
ing definitions will be used: a metropolis is a 
major city performing functions at the fifth 
level of the hierarchy, providing facilities for 
a region embracing hamlets, villages, towns, 
and cities, and their trade areas; a metropoli- 
tan community is that part of this region that 
lies within the daily commuting range of the 
metropolis. 


A CASE STUDY 


The study area is-located in the state of 
Washington east of Puget Sound and west of 
the forested Cascade Mountains, north of 
Seattle, and south of Mount Vernon (Fig. 1). 
Previous studies-have shown that in this area, 
western Snohomish County, there is an urban 
hierarchy comprising five levels: a fifth order 
metropolis (Seattle), a fourth order city 
(Everett), four small cities or large towns of 
third order (Snohomish, Monroe, Marysville, 
Arlington ), nine small towns and large villages 
of second order ( Mukilteo, Darrington, etc. ), 
and twenty first order hamlets and small vil- 
lages (Robe, Trafton, Oso, etc.).’ The terms 
“city,” “town,” “village,” and “hamlet” are used 
advisedly, since the five levels of the hierarchy 
are defined on the basis of functions _per- 
formed by the centers and not necessarily in 
terms oF local or legal usage of the expres- 
sions.” Trade area inforsaation published else- 
where tends to substantiate the discrimination 
of the third and fourth levels of the hier- 
archy.® Second order centers in this classifica- 
tion perform the same nucleated functions"’ 
as neighborhood business centers within cities, 


7 Brian J. L. Berry and William L. Garrison, “The 
Functional Bases of the Central Place Hierarchy.” 
Economic Geography, Vol. 34 (1958), pp. 145—M. 
and “A Note on Central Place Theory and the Range 
of a Good,” Economic Geography, Vol. ( 1958), 
pp. 304-11. 

8 See “The Functional Bases. . . .” op. cit. 

® William L. Garrison, The Benefits of Rural Roads 
to Rural Property, Part IV of Allocation of Road and 
Street Costs (Seattle: Washington State Council for 
Highway Research, 1956). 

For a definition of nucleated functions, see Brian 
]. L. Berry, “Ribbon Developments in the Urban 
Business Pattern,” Annals, Association of American 
Geographers, Vol, 49 (1959), pp. 4533, 
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Fic. 2. Relation of Population and Number of 
Business Types (Central Functions). Number of 
business types is plotted on the X axis and population 
on the Y axis. Both axes have been scaled to common 
uaits of measurement and rotated to an angle propor- 
tional to the correlation of X and Y, to facilitate 
grouping analysis. A standard unit of X represents 
24 types of business, and a standard unit of Y repre- 
sents 900 people. Symbols are as follows: dots, first 
order centers; circles, second order centers; stars, 
third order centers; squares around one of the previous 
symbols indicate deviant cases, the subject of this 
analysis. If plotted correctly, “Mountlake Terrace 
would be well above the top of the graph. 





and there is therefore a further element of 
compatibility with other findings." 

Figure 2 contains basic information concern- 
ing the population: function ratios of the three 
lowest levels of the hierarchy. Number of 
central functions is plotted on the X axis and 
population on the Y axis of this figure. The 
abscissa and ordinate have been scaled so that 
they are expressed in common units of meas- 
urement, with one standard unit of X repre- 
senting 24 types of business and one standard 
unit of Y representing 900 people. The X and 
Y axes have also been rotated to an angle phi 
such that the correlation of X and Y is equal to 
the cosine of phi (r-v = cos. #). Since the cor- 
relation is 0.77, phi is 40°. Scaling and rota- 
tion in this manner ensure that direct measure- 
ments of distance between points in the graph 


1) “Ribbon Developments... ,” op. cit., contains a 
detailed discussion of business patterns within the 
metropolitan community. 
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are accurate indices of the similarity or dis. 
similarity of centers, not biased by correlations 
or differing units of measurement of popula. 
tion and functions.'2 Such distance measure. 
ments may be used as a basis for grouping 
centers and for recognition of deviant cases, 

Thirty-three centers are located in Figure 2, 
First order centers are identified by dots, sec. 
ond order centers by circles, and third order 
centers by stars. Note how centers of each 
order tend to cluster. First order centers form 
a group with from I to 12 business types and 
populations from 25 to 350. Second order 
centers have from 25 to 50 central functions 
and populations of 500 to 1100. Third order 
centers have between 68 and 77 business types 
and populations of 1700 to 2500. An average 
population: function ratio for each level is thus 
approximately 25:1. 

Deviant cases are indicated by boxes placed 
around symbols. Three first order centers, 
three second order centers, and one third order 
center are so identified. Of these, six centers 
have populations far in excess of the 25:1 pop- 
ulation:function ratio. One center has a 
marked deficiency of population. Examina- 
tion of these deviant cases leads to an appreci- 
ation of the role of urban economic base in 
determining population levels and also to an 
understanding of variations of population: 
function ratios of central places located on 
either side of the commuting radius of a me- 
tropolis (Seattle). 

The six centers with apparently excessive 
populations are Snohomish, Lake Stevens, 
Mountlake Terrace, Edmonds, Maltby, and 
Lowell. Each of these has some form of basic 


activity in addition to central place functions, 


in contrast to the rest of the centers in the 


12 We assume that the figures given for population 
and number of business types for each center are the 
means of a number of estimates, and that the estimates 


have a joint normal distribution. The distance . 


measurements then differ by a constant from 
Mahalanobis’ D or Hotelling’s T for any pair of popu- 
lations represented by a pair of points. See C. Rad- 
hakrishna Rao, “The Utilization of Multiple Measure- 
ments in Problems of Biological Classification, 


Journal of the Royal Statistical Society, Series B 
(Methodological), Vol. 10 (1949), pp. 187-88. For 
use of the method in a grouping problem, see Brian 
J. L. Berry, “Statistical Tests of Value in Grouping 
Geographic Phenomena,” paper read at the Pittsburgh 
meetings of the Association of American Geographers, 
1959. 
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study area which are primarily central places 


described. Snohomish is the county seat and 

provides extra employment opportunities in 
call government. Lake Stevens is a recrea- 
tional area. Mountlake Terrace, Edmonds, and 
Maltby all lie within the commuting range of 
Seattle and, in addition to being central places, 
are residential suburbs of that metropolis. 
Lowell, and to a lesser extent Beverly Park and 
Marysville, perform similar residential func- 
tions for the fourth order center, Everett. 

Conversely, Lynnwood has a population de- 
ficiency. As a previous study has shown, 
Lynnwood is a specialized community busi- 
ness center located on U. S. Highway 99." 
The paucity of highway-oriented and urban 
arterial business types'* within a specialized 
center of this kind leads to a second order 
position in a central place classification based 
on total number of types of business. If only 
nucleated business types'® are studied, how- 
ever, Lynnwood ranks with Monroe, Snoho- 
mish, Arlington, and Marysville as a third 
order center. This thriving business center 
helps service such nearby communities as 
Mountlake Terrace and has only a relatively 
small number of people residing in contiguous 
subdivisions. The highway-oriented and ur- 
ban arterial functions which elsewhere (for 
example, in Arlington) might be counted as 
part of the total functional structure of the 
center form a continuous ribbon development 
stretching north from Seattle along U. S. 99 to 
and beyond Lynnwood. 

From these observations we suggest the fol- 
lowing generalizations: 

(1) Well-defined population: function ratios 
characterize a system of central places only 
where the major economic base of these 
centers consists of central place functions. 
Where other forms of basic economic activity 
are present a population:function imbalance 
is to be expected when compared with the 
ratios characteristic of the hierarchy, and func- 
tions rather than population become the only 
true index to centrality and to the central place 
system. 

(2) Population:function imbalance is found 
in at least two ways when a central place sys- 


‘*“Ribbon Developments. . . ,” op. cit. 
ca Ibid. for definitions and examples. 
* Ibid. for elaboration. 


and fall neatly into the three groups already ' 
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tem lies within commuting range of some 
high order center: (a) population excess de- 
velops in residential suburbs; (b) specialized 
business centers develop which possess neither 
matching populations nor a full array of cen- 
tral functions. Specialization of business 
centers within the metropolitan complex is 
accompanied by differentiation into at least 
four types, as one of my previous studies sug- 
gests.!° These four types have been described 
as the nucleated, urban arterial, highway 
briented, and localized elements of the urban 
business pattern. 

(3) Population:function imbalance tied to 
commuting is a characteristic not only of met- 
ropolitan communities, but also occurs at the 
fourth order of the hierarchy. 

' The idea of metropolitan dominance was de- 
(veloped when it was observed that centers of 
similar population level located within and 
outside the metropolitan community had 
markedly different functional structures, and 
in particular that centers located within the 
metropolitan community possessed a poorer 
set of central functions than those located out- 
side. Findings presented here suggest that 
two different universes may have been com- 
pared. Low order centers with residential 
functions and therefore large populations lo- 
¢ated within the commuting range of a me- 
tropolis may have been compared with centers 
of similar population beyond the commuting 
range, but with this population supported 
solely by what must therefore have been a 
more complex set of central functions. It was 
only natural that an inference of “dominance” 
followed. The validity of such an inference is 
now open to question. Comparisons based up- 
on structural information suggest that metro- 
\politan influences are felt (a) in terms of the 
addition of the residential function and (b) in 
terms of the development of more specialized 
business centers. 

Examination of the process of differentia- 
tion of population:function ratios as highways 
are improved and the commuting radius of 
urban centers is extended provides a further 
perspective in an examination of metropolitan 
dominance. In particular, light is thrown on 
the idea of dominance presented by Isard: 
the usurping of functions by the metropolis. 
We take advantage of the observation that 


18 Tbid. 
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Everett, like Seattle, has commuting suburbs, 
and of recent studies of the effect of a by-pass 
highway constructed to carry U. S. Highway 
99 around Marysville upon that third order 
center.'* 

After completion of the Marysville by-pass 
several trends were noted. Through traffic 
was diverted around Marysville and the center 
became more attractive as a local trade center. 
Sales of first and second order functions in- 
creased to 121 percent of pre-by-pass volumes. 

It also became much easier to travel to Ev- 
erett, avoiding Marysville, and as a result the 
greater breadth and depth of Everett’s third 
order facilities attracted increasing numbers 
of customers who had previously shopped in 
Marysville. Sales volumes of third order func- 
tions in Marysville decreased to 83 percent of 
their pre-by-pass levels. With greater ease of 
access to Marysville from Everett and diver- 
sion of through traffic around the city, Marys- 
ville became a more desirable place to live. 
Rents of undeveloped urban sites within the 
city started to increase rapidly, presaging the 
building activity and growth of population at- 
tendant upon an increased residential func- 
tion. 

In these processes are seen the forces that 
generate structural differentiation, changing 
accessibility, reorienting demands, and re- 
aligning supplies. Differential fortunes of the 
central places add another perspective. As ac- 
cessibility is improved, people are more will- 
ing to travel to higher order centers for the 
greater variety of goods and services they of- 
fer. Marysville became a better local center 
at the expense of surrounding lower order 
centers. Everett gained at the expense of 


7 Studies of Highway Development and Geographic 
Change, op. cit., and William L. Garrison and Marion 
E. Marts, Geographic Impact of Highway Improve- 
ment (Seattle: Highway Economic Studies, University 
of Washington, 1958). 








Marysville’s third order functions. Centraliza. 
tion took place throughout the hierarchy, 
This finding is compatible with that of Isard 
and Whitney described earlier. As in the case 
of population:function imbalance, however, 
the process is seen to operate throughout the 
entire system of central places. Centralization 
at the metropolitan level may be interpreted as 
metropolitan dominance, but this type of dom- 
inance is only a special case of more general 
centralization trends occurring throughout 
the central place system. 


CONCLUSION 


The impact of an expanding metropolitan 
community upon an independent central place 
hierarchy is thus seen to be twofold: in the 
development of a population:function imbal- 
ance, and in the progressive specialization of 
the business pattern within the metropolitan 
community. Should this impact be viewed as 
metropolitan dominance? Certainly not on 
the basis of structural contrasts, for it is likely 
that students who purported to see metropoli- 
tan dominance in structural terms mixed un- 
like universes. Usurping of functions by 
higher order centers as accessibility is im- 
proved might provide a better case for argu- 
ments of metropolitan dominance. Even then, 
however, usurping of functions by the me- 
tropolis is a special case of centralization 
trends operating throughout the hierarchy. 
We can only conclude that the dominance con- 
cept is at best tenuous, and is more realistically 
replaced by a general central place theory 
which recognizes that business centers are 
more highly specialized and differentiated 
within metropolitan communities, that central- 
ization trends are operating in the urban 
hierarchy as the transport network is im- 
proved, and that urban population is only 
a good index of centrality where the major 
economic base of a community is the central 
place function. 
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INFLUENCE OF THE ARCTIC FRONT ON THE CLIMATE AND CROPS 
OF ICELAND 


VINCENT H. MALMSTROM 
Middlebury College 


GRICULTURE in a subarctic environment 
A such as that of Iceland is both restricted 
and hazardous. Only the hardiest of crops can 
be grown to maturity and even re are sub- 
ject to_ex j . [it is thex® 
purpose of this paper to examine recent trends 
in the production of Iceland’s most important 
staple crop—potatoes—and to attempt to ex- 
plain the regional and temporal changes which} 
have taken place. | 

In the period from 1935 to 1957, the annual 
production of potatoes in Iceland averaged 
about 7 7,800 metric tons (Fig. 1). It_varied, 

of less than 4,000 tons in 
9toa high of just under 16,000 tons in 1953. 

, during this period, any attempt was made 
: increase the country’s over-all production in 
keeping with the island’s rapid growth in 
population, it is clearly not discernible from 
the statistics. Year-to-year fluctuations are _so 








great that they effectively obscure any long- 
iS 


Due to the fact that both the extreme mini- 
mum and the extreme maximum of produc- 
tion were recorded during the last nine yeays 
of the period, and because statistical data for 


these years are likewise more complete than 


earlier records, they were singled out for 
special attention. For each of these years in-® 
dices of warmth and moisture were calculated 
orapproximately 45-50 stations, located in all 
parts of the island. The growing-degree day 
was chosen as a measure of warmth, employ- 
ing a threshold temperature of 6° C., or 43° F. 
As a measure of moisture, the amount of pre- 
cipitation recorded during the summer _haif- 
eae_tApeil_ through September) was used. 

th sets of indices were totaled for the entire 
country and are presented graphically in Fig- 
ure 2. 

In the first three years of the series (1949- 

) the over-all conditions of warmth varied 
only slightly and there was a gradual down- 
ward trend in moisture. The summer of 1952, 
however, was markedly colder and drier, con- 
stituting, in fact, the coldest year in the series. 
By contrast, 1953 was the warmest on record, 





though only slightly more moist. Nineteen 
fifty-four repeated the cold and dry pattern of 
1952, while 1955 shows up as the second- 
warmest year in the series and, by all odds, the 
wettest. Nineteen fifty-six was again cold and 
dry, while in 1957 the index of warmth rose 
and the summer precipitation dropped to a 
nine-year low. Thus, apart from the first 
three years, there was something of a cyclic 
fluctuation from a cold, dry summer one year 
to a warm, moist one the next. 


It is of course impossible to generalize or - 


stereotype patterns of weather over so large 
and diverse a region as the island of Iceland. 
Indeed, it has long been recognized that the 
high et ae ene ee eae Sean ee 
west_to southeast serves _as_an effective 


“weather-divide.” The area south and west of ~ 








the divide comes under the influence of rela- | 


tively warm and moist air masses moving in off } 


the Atlantic; in contrast, the northern and east- 
ern parts of Iceland are dominated largely by 
cooler, drier air masses moving down from the 
Arctic Ocean. (Fig. 3). Even when the entire 
island is under the influence of a single air 
mass, the weather patterns differ markedly on 
opposite sides of the divide. Thus it is more 
realistic to compare and contrast the two 
regions with one another, as in Figures 4 and 
5, then to generalize for the island in toto. 
Figure 4 reveals that south of the divide the 
index of warmth rose from 1949 to 1951, while 
to the north it fell during those years. From 
1952 onward, temperature fluctuations exhibit 
a roughly parallel trend on both sides of the 
divide, apart from 1955. That vear was al- 
most as warm as 1953 in the north, though it 
was one of the cooler years in the south. 
Figure 5 shows how divergent the indices of 
moisture have been in the two regions during 
the period under study. With only minor ex- 
ceptions, whenever moisture increased in the 
south, it decreased in the north, and vice versa. 
The two years of 1950 and 1951 are particular- 
ly interesting in that the average precipitation 
in both regions was so similar, Indeed, L951 is 
unique, for in that year the average precipita- 
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Potato Production in Iceland, 1935-1957. 


Fie. 1. 
Sources: Btinadarskyrslur arid 1951, p. 38; Hagti- 
dindi, Vol. 38 (1953), p. 147; Vol. 41 (1956), pp. 
15, 133; Vol. 42 (1957), p. 141; Vol. 43 (1958), p. 
146. 


tion in the north actually exceeded that in the 
south. Our attention is also called to the 
extremely heavy precipitation which fell in 
southern Iceland during the summer of 1955. 

Fluctuations of such magnitude in warmth 
and moisture from year to year and from re- 
gion to region pointedly suggest that consider- 





seem reasonable to assume that what we are 
witnessing here is the displacement, first this 
way and then that, of the Arctic Front—the 
zone of contact between Arctic and Atlantic 
air masses. We may, in fact, postulate three 
possible summer positions for the Arctic Front, 
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V. H. Malmstrém, A Regional Geography of Iceland 
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Fic. 2. Summer Warmth and Moisture Indices 
(totaled for all of Iceland), 1949-1957. Calculated 
from data published in Vedrdttan, Manadaryfirlit 
Samid 4 Vedurstofunni, 1949-1957. 


together with the related weather patterns 
each might be expected to produce. The first 
of these_is what we may call the central or 
“normal” position, lying diagonally across the 
island from southwest to northeast (Fig. 6). 
This is the position which represents a long- 
term average of conditions and is depicted in 
most climatological texts.'_ With the Arctic 
Front lying directly over the island, the region 
south of the “weather-divide” would experi- 
ence a southerly air flow, which in turn would 
give rise to warm, moist conditions. In con- 
trast, the region north of the divide would be 
expected to have a pronounced northerly air 
flow, which would result in cool, moist con- 
ditions. Thus, with the Arctic Front in a 


1 For example, see Bernhard Haurwitz and James 
M. Austin, Climatology (New York: McGraw-Hill, 
1944), Plate XVII. 
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Fic. 5. Indices of Summer Moisture in Northern 
and Southern Iceland, 1949-1957. Sources same as 
for Figure 2. 


central or “normal” position, we would antici- 
pate a strong temperature gradient between 
the two regions, but relatively moist conditions 
over both of them. 

A second possible summer position which 
may be postulated for the Arctic Front is a 
northward displacement (Fig. 7). During 
such a displacement the entire island would be 
dominated by a strong inflow of air from the 
south; thus, regions on both sides of the divide 
would be expected to experience warm tem- 
peratures. While the over-all temperature 
gradient from north to south would be rela- 
tively small under these conditions, the major 
contrast would be in terms of moisture. The 
region south of the divide would experience 
exceptionally heavy precipitation, while the 
north, lying in the rain shadow, would have a 
markedly drier summer. 

A third, and final, possible summer position ( 
which may be postulated for the Arctic Front 
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is a southward displacement (Fig. 8). In this 
situation, the entire island would come under 
the influence of a northerly air flow and sum- 
mer temperatures would be low on both sides 
of the divide. Again, the contrasts in tempera- 
ture from north to south would be expected to 
be relatively small. North of the divide, the 
moisture would increase and south of the di- 
vide it would fall off sharply. However, due 
to the lower moisture-carrying capacity of 
the colder Arctic air masses, the increase in 
precipitation in the north during conditions of 
northerly air flow would be proportionately 
much smaller than the increase in precipita- 
tion over the south under conditions of south- 
erly air flow. Indeed, during summers of 
northerly air flow the difference in precipita- 
tion between the two regions would tend to be 
much less than during summers of southerly 
air-flow. ~~ =F 
_-¥o test our hypothesis of the Arctic Front, 


those actually observed. We 
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must, of course, keep in mind that we are deal- 

ing with statistical averages, for while the posi- 

tion of the Arctic Front may shift several times 
within a single summer, it is its predominant 
position during that summer that we are con- 
cerned with here. (For the following discus- 
sion, please refer to Figs. 4 and 5.) 

The first year in our series, 1949, had a rela- 
tively warm summer in both the north and the 
south. The contrast in precipitation is striking, 
however, for the south was extremely wet and 
the north was quite dry. As we have sug- 
gested, such a pattern is indicative of a north- 
ward displacement of the Arctic Front. 

In 1950, warmth increased in the south and 
decreased in the north, while precipitation 
showed just the opposite tendencies. The over- 
all difference in moisture between the two 
regions was very small, but the temperature 
gradient between them had risen steeply. Dur- 
ing this summer, then, the dominant position 
of the Arctic Front seems to have been over 
the island itself—a position which was essen- 
tially duplicated in the summer of 1951, judg- 
ing from the minor changes in warmth and 
moisture which took place in that year. 

In 1952, however, summer temperatures 
plummeted downward on both sides of the 
divide. The south recorded its driest year and 
even in the north—now remov he 
main storm track—the moisture fell off sharp- 
ly. Clearty-in that year the summer position 
of the Arctic Front was displaced toward the 
south. 

In each succeeding year the Front seems to 
have shifted alternately between north and 

(south. In the summer of 1953 it lay north of 
the island, for temperatures reached new 
peaks on both sides of the divide. The south 
was wetter than it had been since 1949 and 
the north was drier. During the summer of 
1954, the Front was displaced to the south; 
both regions were cold, the south became drier, 
and the north experienced more precipitation. 
During the summer of 1955, the Arctic Front 
was again displaced to the north, for tempera- 
tures north of the divide reached virtually the 
same levels as in 1953 and the moisture fell 
off. South of the divide, the temperature like- 
wise rose, but only slightly. This was un- 
doubtedly due to the shutting out of solar 
insolation by the thick and persistent cloud 
cover from which the region’s exceptionally 

heavy precipitation was derived. In contrast, 
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Fic. 9. Comparison of Potato Production in Rural 
Areas of Southern Iceland with Regional Indices of 
Warmth and Moisture, 1949-1957. Sources same as 
for Figures 1 and 2. 


the summer of 1956 was much colder and 
drier over the entire island, indicating a south- 
ward displacement of the Front in that year. 
Finally, in the summer of 1957, the last year in 
our series, temperatures rose on both sides of 
the divide. Moisture increased in the south 
and decreased in the north, once again sug- 
gesting a northward displacement of the Front. 
Thus, during the nine years under study, the 
Arctic Front seems to have lain across the 
center of the island during two summers (1950 
and 1951), to the north of the island during 
four summers (1949, 1953, 1955, and 1957), 
and to the south of the island during three 
summers (1952, 1954, and 1956). 

To return now to our original question, let 
us compare potato yields in these nine years 
with the regional weather patterns which we 
have just examined. In an average year, the 
farms south of the weather divide grow about 
two-thirds of Iceland’s potato crop, while those 
north of the divide account for the remaining 
one-third. Obviously, then, what happens in 
the south will influence total yields more pro- 
foundly than what happens in the north. In 
Figure 9 the production of the rural areas of 
the south (expressed in metric tons) has been 
plotted against the region’s indices of warmth 
and moisture. Unfortunately, Icelandic sta- 
tistics do not give the actual area under cultiva- 
tion; so variations in yield undoubtedly re- 
flect, in part at least, expansions and contrac- 
tions of the land being farmed. To reduce to 
a minimum the effects of such shifts in area, 
the production stemming from town garden 
plots has not been included in this comparison. 
The most striking fact to emerge from Fig- 
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Fic. 10. Comparison of Potato Production in Rural 
Areas of Northern Iceland with Regional Indices of 
Warmth and Moisture, 1949-1957. Sources same as 
for Figures 1 and 2. 


ure 9 is that the two worst crop years in the 
south were the two wettest years, 1949 and 
1955. Production in these years was consider- 
ably lower than it was in the two coldest years, 
1952 and 1956. Thus, at first glance it would 
seem that in the south of Iceland an excess of 
moisture has a more adverse effect-on-the po 
tato harvest than a deficiency of warmth. o 
this connection it should be remembered that 
such diseases as the late blight are particularly 
favored by humid conditions.” 

Figure 10 compares the potato production of 
the rural areas of northern Iceland with the 
regional weather patterns of our nine-year 
series. There the two worst crop years were 
1952 and 1956, the two coldest years in the 
series. Production in the two wettest years, 
1950 and 1951, was topped only by the output 
in 1953, the warmest year on record. Thus, it 
would seem that in the north of Iceland a de- 


ficiency of summer warmth exerts—a more 
critical influence on the success of the harvest 
than do extremes of moisture. Figure 10 poses 
some interesting questions, however, for it will 
be seen that the conditions of warmth and 
moisture in northern Iceland were almost 
identical in the summers of 1953 and 1955, yet 
the yield in the latter year was less than 40 per- 
cent as great as that of the former year. Simi- 
larly, the yield in 1950 was relatively high. But 
that was the wettest summer in the north and 
one that was rather cold, and this should have 
been one of the years when the losses from 
such diseases as the late blight should have 
been the Heaviest. It should be clear from the 





*Plant Diseases, 
(Washington: 
p. 84, 


1953 Yearbook of Agriculture 
Government Printing Office, 1953), 
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Fic. 11. Comparison of Potato Yield of Troms 
County, Norway, with Indices of Warmth and Moist- 
ure at Tromsé, 1949-1957. Source: Statistisk Arbok 
for Norge, Vols. 69-77 (1950-58). 


examination of these two graphs (Fig. 9 and 
10) that, if the displacements of the Arctic 
Front do indeed affect crop production in Ice- 
land, the cause-and-effect relationship is not 
as simple and direct as might be expected. 
The limitations imposed on this study by the 
lack of precise data regarding yield per unit 
oO and may be compensated by ex- 
amining similar data_from_another—part—of 
northern Europe which likewise lies close_to 
the Arctic Front, namely, northern Norway. 
In Figure 11 are plotted the warmth and mois- 
ture indices for the town of Tromsé for the 
nine years under study, together with the yield 
of potatoes for the surrounding county of 
Troms expressed in kilograms per decare. Our 


attention is first dra to the_same extr 


a ae ee ek at seal 
varies inversely to the temperature. This 
would clearly suggest that when the Arctic 
Front lies north of Norway, as it apparently 
did in the summers of 1950, 1953, and 1954, 
a southerly, off-land air flow—and consequent- 
ly a warm and dry air flow—prevails over 
northern Norway. Conversely, when the Arc- 
tic Front has been displaced to the southward, 
a cold and moist off-water air flow from the 
north dominates the summer weather pattern. 
The effects of the displacement of the Arctic 
Front are clearly the same from Iceland to 
Norway, but the fluctuations near the eastern 
or Norwegian, end of the Front are neither so 
numerous nor so rapid as they are near the 
western, or Icelandic, end of the Front. How 
ever, after examining Figure 11 there can 

little doubt that potato yields in the zone o 
the Arctic Front vary most directly with dif 
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ferences in temperature and inversely with 
trends in moisture. 

- Having thus established, with the assistance 
of our Norwegian data, that a rather direct 
relationship exists between crop yield and 
temperature, we have yet to explain apparent 
anomalous trends which we observed in vari- 
ous of our Icelandic data. In southern Iceland 
we noted that the poorest potato harvests 
(1949 and 1955) coincided with northward 
displacements of the Arctic Front, apparently 
because of the extremely heavy precipitation 
which occurred during those summers, while 
the best yields were obtained in 1953 when 
the Front likewise lay north of the island. What 
then, was the critical difference between the 
summers of 1949 and 1955 on the one hand 
and the summer of 1953 on the other? In 
northern Iceland we observed that the best 
crop year was also 1953, but the yield in 1955 
was very low, despite the fact that conditions 
of warmth and moisture (as measured by our 
indices ) were almost identical. Furthermore, 
yields in 1950 were much higher than in 1955, 
although the summer of 1950 was considerably 
colder and wetter than that of 1955. How 


can we explain this seeming inconsistency? 
After testing several hypotheses, I discover- 

ed that the weather pattern over Iceland in the 

aaiee {ilar ak donate a June) apparently exerts a 


critical influence aver the success of thé pota- 
to harvest the following summer. Because of 


its marine-dominated climate, Iceland receives 
in an average summer an amount of warmth 
which is considerably less than that received 
by more continental areas, such as northern 
Norway. Gensequently, with less total warmth 


received, the growing season must_be_cor- 
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June 


respondingly longer if the crop is to be success. 
ful. Average temperatures in northern Nor. 
way usually do not get above the threshold 
figure of 6° C. until June, but the total receipt 
of warmth is generally sufficient to insure a 
crop by the end of a four-month growing sea- 
son. In Iceland, a cold May (and especial. 
ly a cold May and June together) serious. 
ly reduces the likelihood that a mature crop 
can be harvested before the first frost in au- 
tumn, no matter how warm it may get in the 
succeeding months of July, August, and Sep. 
tember. In the south of Iceland, the three 
years with the poorest yields were 1949, 1955, 
and 1956; in each of these years the average 
temperature failed to reach or appreciably 
pass 6° C. during the month of May over most 
of the region. In northern Iceland, the same 
three years showed poor yields, and in addi- 
tion 1952 and 1957 were relatively low; these 
latter years likewise had cold Mays north of 
the divide. The four best years had warm 
Mays, though in 1954 frosts in August cut the 
total output of the region rather sharply. 

Thus, it will be seen that the fluctuations of 
the summer position of the Arctic Front do 
indeed exert a marked influence over crop 
production in Iceland. Because warmth is the 
most critical factor in the-equation,the-eoun- 
try's yield ts-favored by a northward displace- 
ament of the Front. Yet, if this displacement 
does fot take place before or during May, the 
crop _will likewise suffer. The timing ofthe 
“displacementis-therefore critical, In the south 
of Iceland;-a Tate northward shift seems also to 
favor an extremely heavy concentration of 
meisture, which would further tend to depress 
the harvest. 
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HE borderlands of the Caribbean have 

been a meeting place for people of di- 
verse races and cultures during much of post- 
Columbian history, and as a result, racial and 
cultural diversity has become a distinctive 
feature of the region’s population and land- 
scape. Neither this diversity nor the popula- 
tion patterns with which it is associated are 
everywhere the same, however. They vary 
with history, physical conditions, economic 
circumstances, political affiliation, the colonial 
policies of European powers, and other fac- 
tors. Generalization concerning the interplay 
of race, culture, population, and area is diffi- 
cult, and each Caribbean territory invites 
intensive individual study. 

Trinidad, with a population which is char- 
acterized by multi-racial composition and .a 
highly irregular distribution over the island, 
appears especially apt for such a study. Ex- 
cept for the original Carib inhabitants who 
were driven off or absorbed, each of the many 
waves of later arrivals to the island has man- 
aged to retain a hard core of distinctiveness, 
with the consequence that Trinidad’s popu- 
lation is the most heterogeneous in the West 
Indies. In 1959, out of a total population of 
roughly 815,000 approximately 470,000 were 
“Creoles”? (ie., Negro or colored); over 
300,000 were Asian Indians locally called East 
Indians; and the remainder was made up of 
British, Chinese, French, Venezuelan, Portu- 
guese, Syrian, and other elements.* 

Retention of distinctiveness by these vari- 
ous racial and ethnic groups has given rise 
to what may be called “areal pluralism€ 


‘Field work for this study was carried out during 
the summer of 1958 and was made possible by funds 
from the University of Maryland and other sources. 

*The meaning of the term “Creole” varies from 
place to place in the Caribbean. In Trinidad it gen- 
erally refers to the Negro and part Negro elements, 
ithough in exceptional instances it may also include 
native whites and others. 

*Current population figures used in this paper are 

the most part estimates because there has been 
n0 official census in Trinidad since 1946. 

*The term “areal pluralism” is suggested by the 
concept of “cultural pluralism” used by anthropolog- 
sts. Roughly defined, cultural pluralism is a condi- 
ton in which two or more groups live side by side in 


Group distinctiveness expressed through dif- 
ferences in economic function, land use, pop- 
ulation distribution, settlement, agricultural 
systems, place names, and other areal phe- 
nomena has given to the Trinidad landscape 
a plurality of cultural features which is not 
common to areas of more homogeneous pop- 
ulation composition. It is the purpose of this 
paper to consider some of the consequences 
stemming from the impact of racial and cul- 
tural diversity upon the land-and-people mi- 
lieu of Trinidad giving particular emphasis 
to distributional characteristics. 


ORIGINS OF THE HETEROGENEOUS POPULATION 


Tropical plantation agriculture which has 
been the single most important breeder of 
racial diversity in the Caribbean came late 
to Trinidad as compared to other British, 
French, and Dutch West Indies. Spain, which 
controlled the island from its discovery until 
1797, sent only a few colonists, and these did 
little to develop the territory agriculturally 
because of its remoteness from the established 
trade routes of the time and because it was 
less suited to tobacco and cattle ranching than 
other Spanish possessions in the Caribbean.* 
Some cultivation (particularly of cacao) took 
the same area but with such limited cultural inter- 
action and modification that the groups remain sharply 
differentiated socially; it implies a co-existence with- 
out assimilation even though the groups may be inter- 
dependent for economic and other purposes. Cultural 
pluralism may stem from differences in race, language, 
religion, education, family organization, kinship ties, 
and other social criteria. Of interest to the geographer, 
however, such pluralism is often mirrored on the land- 
scape through group differences in the utilization of 
natural resources, agricultural systems and practices, 
population distribution, settlement, and other areal 
phenomena. The differences in the pattern of occu- 
pance created by the “ladino” and the Indian in 
Guatemala is suggested as an example of “areal plu- 
ralism.” 

5 Trinidad was unattractive to other European pow- 
ers which might have developed its agriculture more 
vigorously because it lay too close to the Spanish Main 
(11 miles). Moreover, the island possessed too few 
good harbors for small sailing ships (the Bocas en- 
trance to the Gulf of Paria is dangerous for sail) and 
its extensive coastal swamps made penetration to the 
interior dangerous and unhealthy. 
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place during the 17th and 18th centuries, but 
settlement was so limited that by 1783 the 
total population of Trinidad was only 2,763 
of which a mere 126 were white.* In con- 
trast, for example, at approximately this same 
time the population of the smaller island of 
Barbados was over 75,000’ while that of Ja- 
maica was almost 300,000.* 

In 1783, however, Spain began to depart 
from her traditional exclusivist colonial policy® 
regarding foreign settlers. More liberal colo- 
nization measures which permitted entry of 
Roman Catholic colonists of any nationality 
and which allowed special concessions of land 


*“Estimated Population of Trinidad 1783-1831,” 
West Indian Census, 1946, Part G, p. ix. 

7V.T. Harlow, History of Barbados (Oxford, 1926), 
Appendix B, p. 338. 

*L. J. Ragatz, The Fall of the Planter Class in the 
British Caribbean, 1763-1833 (New York), pp. 30 
amd 124. 

* Por a discussion dealing with the breakdown of 
Spain's exclusivist policies under the Bourbon reforms 
of the late 14th and early 19th centuries see A, 
Morales-Carrion, Puerto Rico and the Non-Hispanic 
Caribbean (Rio Piedras, Puerto Rico, 1952), pp, 100- 
14) 





Trinidad in Its Caribbean Setting 


and remission of taxes to new settlers were 
granted to Trinidad, and as a result a rapid 
flow of immigrants to the island began. Most 
of the new entries were French planters and 
their slaves who came to Trinidad at first of 
their own volition and later as refugees from 
the “Black Jacobin” Revolt in Haiti and the 
turmoil of the French Revolution in Martin- 
ique, Guadeloupe, and other French Carib- 
bean holdings. Other immigrants included a 
motley collection who have been described as 
“renegades, outlaws, outcasts, persons wanted 
and unwanted of many nationalities.”"’ By 
1797, when the British took the island, plan- 
tation economy had been established" and 
the total population had risen to almost 20,000 
of whom at least 2,000 were whites.'* 


“ Ivan T. Sanderson, Trinidad (New York, 1951), 
p. 8. 

‘For a description of land use and settlement at 
the time of British occupation see Preston James, 
“Changes in the Geography of Trinidad,” The Scottish 
Geographical Magazine, Vol. 3, No. 3 (December 
1957), pp. 159-161. 

“Estimated Population of Trinidad 1783-1831,” 
op. cit., p. ix. 
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Annexation by the British created some 
stimulus for the evolving plantation economy 
of Trinidad,’* but it also marked the begin- 
ning of sharper differentiation along ethnic, 
religious, and racial lines.'* Despite the wide 
measure of tolerance with which the British 
treated existing institutions, it remained that 
they came to Trinidad as conquerors, as Prot- 
estants in a predominantly Catholic society, 
and as crusaders against slavery in a colony 
dominated by planter mentality. Thus, while 
many of the Spanish laws and even the form 
of municipal government (the Cabildo) were 
left in force, Trinidad became a Crown col- 
ony subject to the dictates of Crown-appointed 
officials who seldom included elements from 
the older planter stock. Similarly, there was 
no interference in matters of faith and church, 
but Roman Catholicism, which had been a 
convenient meeting ground for the mixing of 
the French and Spanish settlers!” tended to 
play a barrier role in regard to the Protestant 
newcomers. Most important, however, there 
arose almost at once a conflict between the 
planters who needed a constant supply of 
cheap labor and the British Imperial Govern- 
ment’s anti-slavery drive. When England abol- 
ished slavery in all her possessions (1834- 
38),1° a “labour question was created which 
became the most burning issue in 19th cen- 
tury Trinidad.” This issue not only served to 
draw sharper lines between the British and 
the older planter stock, but it also ultimately 
became an important factor in further com- 
plicating the island’s racial and cultural 
structure. 

As in most other areas of plantation agri- 
culture in the Caribbean, the abolition of 
slavery in Trinidad caused a labor vacuum 
which could be filled only by the importation 


8 The expansion of plantation agriculture was very 
slow during the first half of the 19th century in Trin- 
idad because of rapidly falling sugar prices and the 
abolition of slavery. Sufficient growth took place, 
however, to cause an increase in population from 
20,000 in 1797 to 60,000 in 1844 (see James, op. cit., 
p. 160). 

*L. Braithwaite, “Social Stratification in Trini- 
dad,” Social and Economic Studies, Vol. 2 (Oct. 
1953), p. 7. 

® Braithwaite, op. cit., p. 7. 

“Emancipation legally took place in 1834, but a 
four-year “apprenticeship” period was permitted for 
purposes of adjustment, and during this period the 
Negroes remained with their former owners. 





of workers from outside the region. The freed 
Negroes abandoned the estates to squat on 
unoccupied Crown lands causing a drop of 
20% in sugar production’? and otherwise 
threatening the entire edifice of plantation ag- 
riculture which rested on a foundation of 
cheap labor. In answer to the labor shortage, 
thousands of indentured field hands from Brit- 
ish India (mostly Hindu but including some 
Moslems and even Parsee) were brought to 
the island. Most of the East Indians returned 
home upon completing their five-year term of 
service, but enough of them remained to take 
up land as small free-holders so that today 
their descendants make up almost two-fifths 
of the total population.'* 

The arrival of the East Indians marked the 
beginning of an economic development which, 
with minor reverses, has continued to the pres- 
ent. Despite periodic fluctuation in produc- 
tion, sugar cane and cacao, together with less 
important commercial crops such as coconuts, 
citrus fruit, and coffee, have given Trinidad’s 
economy a firm agricultural foundation.’ 
Beginning in 1915 this foundation was so 
strongly reinforced by oil production and re- 
fining that currently petroleum makes up more 
than three-fourths of the island’s exports.?° 
Production of asphalt from the famous pitch 
lake at La Brea has continued, and lately the 
introduction of light industry is adding a new 
factor to the economy.*! Trinidad also re- 
ceived a significant boost during World War 
II when it became a lend-lease strong point 


17 James, op. cit., p. 160. 

18 The practice of importing Indians began in 1845 
and continued to 1917 when it was halted by the In- 
dian government. 

19 Sugar production rose in tonnage from 20,000 in 
1850 to 67,000 in 1879, and the upward trend has 
continued so that in recent years the output has 
amounted to over 150,000 tons. Cacao has fared less 
well. It rose from four million pounds in 1850 to 
twelve million pounds in 1879 and continued to in- 
crease until it received severe setbacks during the 
1920’s and 30’s. Production, which reached the low 
level of twelve million pounds in 1945, is again on 
the increase. In 1950 exports of the crop climbed to 
sixteen million pounds and in 1958 to eighteen mil- 
lion pounds. 

* Trinidad refines not only petroleum produced 
locally but large amounts imported from Venezuela as 
well. 

*t Light industry, encouraged by the government, 
is increasing. Products include beer, cement, type- 
writers, cardboard, textiles, and paint. 
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in hemisphere defenses. A modern airport 

Piarco) was built 16 miles southeast of Port 
of Spain; the road network was extended and 
improved; and the expenditure of the Ameri- 
can military establishment created employ- 
ment and poured large quantities of money 
into the insular economy.** Most recently, 
the selection of Trinidad as the site of the fed- 
eral capital of The West Indies gives promise 
of further economic windfalls.2* Thus, in the 


% Under the terms of the lend-lease agreement, and 
much to the resentment of at least some Trinidadians, 
the U. S. still maintains a naval base at Chaguaramas 
om the northwest peninsula of the island. 

% The federal capital will be temporarily housed at 
Port of Spain until a permanent site can be selected. 
The suggestion that the U, S. give up the base at 
Chagnaramas for this purpose was rejected by the 
American State Department, but the U. S. agreed to 
review the situation in ten years 








Population Distribution on Trinidad, 1959. Compiled from the 1946 census and modified in accord- 
ance with estimates obtained from the Trinidad and Tobago Central Statistical Office. 


last century, while the economies of most other 
British colonies in the Caribbean have been 
plagued by a labor surplus, Trinidad’s healthy 
growth has required an expanding supply of 
labor. 

The opportunities created by economic de- 
velopment inevitably attracted further immi- 
gration to the island. Along with the large 
influx of East Indians there came smaller num- 
bers of Chinese from British possessions in 
Asia, peasants from Madeira, Syrians, Euro- 
pean Jewish refugees, Venezuelans™ from the 
nearby mainland, and others. In addition there 
has been a constant stream of entries (often 





#4 Many Venezuelans (locally called “panols” ) come 
to the island for short periods of time, but their pres- 
ence is very much apparent particularly in Port 0 
Spain. Trinidad has been a traditional haven for ref- 
ugees from the numerous revolutions of Venezuela. 
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illegal) from overcrowded territories else- 
where in the British Caribbean, especially 
from Barbados and the Windward Islands. It 
has been suggested that the rapid growth of 
Trinidad’s Creole population since 1797 has 
been due chiefly to migrations from neighbor- 
ing islands;*° current estimates further suggest 
that more than one Trinidad resident in ten 
is a legal immigrant from other British terri- 
tories and that most Creoles have a small- 
island parent or grandparent.”* 

A limited amalgamation has taken place 
among these various racial and cultural ele- 
ments in Trinidad’s population, but for the 
most part they have remained distinctive with 
each group seemingly bent upon self-preser- 


* The effects of this immigration are often masked 
eeanse of the similarity of race and culture between 
‘te immigrants and the Trinidad Creoles. 

*D. Lowenthal, “The West Indies Chooses a Capi 
tal” Geographical Review (July 1958), pp. 359-360, 





Relief Patterns of Trinidad 


vation and self-expression. Barriers of race, 
caste, religion, occupation and general cul- 
tural values, while not insurmountable, are 
high enough so that the resulting separateness 
and group consciousness have become major 
forces in shaping the social structure and in 
creating areal pluralism on the island. 


POPULATION AND DISTRIBUTION 


The background for the interplay of race, 
culture, and area in Trinidad is set in part by 
the over-all distribution of population. This 
distribution (see Fig. 2) is a relatively simple 
one and mirrors physical conditions, economic 
development, and the history of settlement on 
the island. 

Despite its relatively small size (1L.S64 sq. 
miles), Trinidad is characterized by a wide 
variety of environmental conditions. Along 
the northern coast there is a line of steep-sided 
mountains (the Northern Range), some 3,000 
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feet in elevation, which is a continuation of 
the range making up the Paria Peninsula of 
Venezuela. Two lower ranges of hills roughly 
paralleling the Northern Range run through 
the central and southern parts of the island 
(see Fig. 3). Elsewhere lowlands predomi- 
nate, but often the lowlands have such poor 
drainage that swamps are common, particu- 
larly along coasts. Much of the coastline of 
Trinidad, especially in the east and south, has 
the added disadvantage of being highly in- 
articulate, making communication with the 
sea difficult and dangerous. Since the island 
is in the trade wind tropics, temperatures are 
above 70°F. even for the coolest months. Pre- 
cipitation varies sharply, however, ranging 
from more than 140 inches along the wind- 
ward eastern slopes of the northern range to 
less than ©) inches on the leeward west coast. 
Soil conditions also vary, but on the whole 
the better soils are along the west coast and 


in the western valleys and foothills of the 
Northern Range. 

Viewed in terms of population and eco- 
nomic development, this checker-board of 
physical conditions co-varies with wide differ- 
ences in population densities and production. 
The areas of lightest population coincide with 
the rugged mountain terrain of the Northern 
Range and with the zones of poorer soils, in- 
adequate drainage, and inarticulate coastlines 
in the east and south. (In these sectors of low 
population densities, the dominant economy 
tends to be subsistence agriculture based 
largely on the production of food crops.)™ 
The bulk of Trinidad’s population is concen- 
trated in the western counties. In addition to 
better soils and a more articulate coastline, 
this concentration may be accounted for by: 
(1) the early start which the west had in the 


** These include yams, plantains, cassava, peas, 
beans, and corn. 
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history of settlement in comparison to the rest absorbed by expanding cane production.’ 
of the island; (2) level terrain and more in- The decline of cacao resulted in a considerable 
tensively cultivated land with emphasis on exodus of population from the cacao belt. A 
commercial agriculture; (3) the presence of small part of the outmovement went to the 
the pitch lake, most of the oil fields and re- cane lands, but most headed for the cities and 
fineries, and the urban complexes of Port of the oil fields.*° 
Spain and San Fernando in this western zone Current land use in relation to population 
(see Fig. 4). distribution in Trinidad (see Figs. 2 and 4) 
The limited settlement which developed suggests that the highest densities are asso- 
during 300 years of Spanish occupation was ciated with the urban-residential-industrial 
concentrated mainly in the western valleys of areas, including the oil fields. The island has 
the Northern Range and probably did not ex- been experiencing a rapid urbanization, par- 
tend farther south than the Caroni River or ticularly since 1940, and it is now one of the 
farther east than the Caura valley (see Fig. most urbanized territories in the West Indies. 
3). The spread of settlement after the British Port of Spain, the chief city, has risen in pop- 
arrived came largely in connection with the ulation from 70,000 in 1931 to 105,000 in 1950, 
growth and technological improvements in and it currently totals over 120,000; San Fer- 
the sugar industry. This industry, which had nando, second in size, has grown from 14,353 
started on family-size estates using small, in- in 1931 to more than 38,000 at present. These 
efficient sugar mills, was initially located in figures for the chief cities do not give the 
the old Spanish nucleus along the western complete picture, however, because they do 
valleys and foothills of the Northern Range. not include the suburban developments and 
When competition in the 19th century made “satellite” towns. Thus in the case of Port of 
necessary the consolidating of estates and the Spain, not only are there several residential 
building of larger sugar centrals, the crop suburbs (St. Ann’s, Maraval, Four Roads, Di- 
spread south along the Gulf of Paria where the ego Martin), but there is also a long string of 
level lands facilitated the transport of cane villages which are coalescing along the east- 
over larger distances to the mills. Significant- ern main roads leading out of Port of Spain. 
ly, there was no substantial penetration to the The entire area between the capital and Tuna- 
interior of the island until the 1860’s and 70’s puna ten miles to the east, including the towns 
when the growth of cacao pushed settlement of Curepe, St. Joseph, San Juan, Barataria, 
eastward. With the continued prosperity of and Laventville, is gradually fusing into a 
cacao up to the 1920's, the crop spread to single urban area, and the urban thrust of the 
every possible area of the island?* with the metropolitan area is already felt at Arima 24 
result that, when the industry fell upon bad miles away.*' Similarly, San Fernando is 
times during the Depression of the 1930’s, a reaching out to nearby communities in the 
general retrenchment of production became southern part of the island.** The trend to 
necessary in the marginal areas. Many plan- urbanization continues unchecked, and the 
tations became practically derelict, utilizing Concentration of people in the towns, espe- 
only a small fraction of the labor force which cially the two major ones, seems destined to 
they hed employed in their heyday; others at- crease. eae bait an ne 
tempted to diversify by introducing coffee and The rural distribution of population indi- 
citrus fruit; and still others (representing cates that, in general, densities vary according 
about 10 percent of the land in cacao oman the labor requirements of the dominant 


m the eastern margin of the sugar belt) were 





2° Information contained in a letter (March 17, 
1959) from Dr. A. L. Jolly, Lecturer in Economics, 
_*The cacao tree is susceptible to dryness. Its ten- the Imperial College of Tropical Agriculture, Trinidad. 
der surface roots are quickly damaged when the upper 8° Tbid. 
ayers of the soil dry out as they do almost anywhere St An increasing number of workers are commuting 
m Trinidad when exposed to the direct rays of the between Arima and Port of Spain. 
wun or the sweep of the trade winds. Despite heavier 2 As a result of the dominance of Port of Spain 
nnfall, many parts of eastern and southeastern Trin- and San Fernando over adjacent communities, there 
fad are marginal for cacao because the drying is a tendency to divide the island into two sections— 
effects of the trades and the lack of shade result in North and South—between which there is a certain 
conditions which are too dry for the crop. amount of rivalry (see Braithwaite, op. cit, p. 40). 
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Fic. 5. Racial Patterns on Trinidad, by Minor Civil Divisions. Compiled from the 1946 census and modi- 


fied on the basis of field observations and interviews. 
were available for the post-census period. 


crop in land use. Thus, sugar cane, which has 
high labor requirements per acre, is associated 
with the major rural concentrations, and the 
sugar belt which extends south of Port of 
Spain to San Fernando (see Fig. 4) is often 
marked by densities of over 200 persons per 
square mile. Rice and vegetable truck gar- 
dening also use labor intensively, but since 
these occupy small areas within or adjacent to 
the sugar belt, they do not stand out as im- 
portant determinants of rural densities. Cacao, 
whose labor requirements per acre are ap- 
proximately one half those of sugar cane,” is 
associated with lower rural densities, but these 
densities vary greatly in the different. areas 
under cacao (see Figs. 2 and 4). The heavi- 


* Dr. A, L. Jolly, op. ett. 


No official estimates on distribution by racial types 


est densities associated with cacao are in the 
zones inland from the sugar belt ( particularly 
in the central hilly belt northeast of San Fer- 
nando) and decrease with distance away from 
this belt. The lowest population associated 
with cacao is in those areas where production 
has become “semi-derelict” (see Fig. 4). Coco- 
nuts, which constitute the chief cash crop 
along much of the eastern and southern coasts 
of Trinidad, have even lower labor require- 
ments than cacao, and this fact helps account 
for the small population of these coastal areas. 
The low population densities in the swamp 
and forest areas is self-evident.** 


“ It is impossible to designate any part of Trinidad 
as being used chiefly for subsistence crops. These 
crops are raised on small plots all over the island. 
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RACIAL PATTERNS 


Superimposed on these basic population 
gatterns, the distribution by racial types shows 
some striking contrasts (see Fig. 5). The 
Negro and colored population, which together 
make up about 56 percent of the total, show 
concentration well above this percentage in 
three areas: (1) the urban centers in and 
ground Port of Spain, San Fernando, and 
Arima; (2) the oil fields and the pitch lake 
areas: (3) the thinly populated and poorly 
developed agricultural areas of the northeast, 
south, and southwest. In contrast, these two 
groups rank below the 56 percent average in 
the more thickly settled and more intensively 
cultivated agricultural countryside, such as 
the sugar belt. Considered apart from the Ne- 
gro, the mixed or colored population (largely 
blends of European and African) shows the 
same distributional characteristics as the Ne- 
gro except that their concentration is propor- 
tionately greater than that of the Negro in the 
urban centers and less than that of the Negro 
in the thinly populated rural areas. 

The strong trend of the Negro and colored 
elements to the urban areas and to the oil 
fields seems to stem from several causes. 
These groups appear to prefer wage labor and 
the social amenities offered in the towns to 
agricultural work, especially work on the es- 
tates. Perhaps still lingering in the racial mem- 
wry of the Negro and the colored man is the 
stigma of field labor associated with ‘slavery. 
Few among the Negroes and the colored are 
large land owners, but many, particularly 
among the colored who make up the bulk of 
the island’s middle class, are in the professions. 
lt is perhaps for this reason that the better ed- 
ucated colored middle class shows a stronger 
urban tendency than the Negro. When the 
Negro is found in the thinly populated rural 
areas and coastal fringes of the north and east, 
ie depends largely on a subsistence economy, 
md is probably less sophisticated and less 
touched by the race and class consciousness 
ad the drive of the urban groups who are 
more exposed to social currents and stresses. 
_In sharp contrast, the East Indians are 
argely rural with particular concentration in 
the more intensively developed agricultural 
weas, especially the sugar belt. While they 
make up about 39 percent of the total popula- 
tian of the island as a whole, their distribu- 
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tion is well below this average percentage in 
the urban areas, in the oil fields, and in the 
lightly developed agricultural areas of the 
north, east, and south, but well above the 39 
percent average in the areas of intense agri- 
cultural development and high rural popula- 
tion densities of the west. Thus the distribu- 
tion of the East Indian is the reverse of that 
of the Negro—the concentration of the Indian 
being greatest where the Negro’s is low and 
vice versa. There is indication that the move- 
ment of East Indians to the urban centers is 
increasing, but their concentration in the rural 
districts is still marked. 

There are only three areas where the per- 
centage distribution of Creoles and Indians 
is roughly equal (see Fig. 5). One of these 
consists of a zone located east of Port of Spain. 
The concentration of Negro and colored ele- 
ments here appears to stem from the continua- 
tion of the urban complex along the eastern 
main roads from Port of Spain towards Arima, 
while the presence of the East Indians may be 
accounted for largely by the fact that, away 
from roads, these two wards are under intense 
cultivation of commercial crops. The second 
and third areas of almost equal concentration 
are lightly populated wards of which two lie 
south of Arima and one is located on the east 
coast. The area south of Arima is made up 
largely of scrub woodland with patches of 
semi-derelict cacao which suggests that it has 
been an area of Negro exodus and light East 
Indian intrusion in recent decades.** The east 
coast ward was predominantly Negro, but the 
East Indian’s quest for land may be pushing 
him even into these marginal areas.** 

Several reasons account for the distribu- 
tional patterns of the East Indians. Originally, 
the Indian laborers who elected to remain on 
the island after the period of their indenture 
were given land in lieu of return passage, and 
the land settlements were sited close to the 
existing sugar estates. When no more land 
was available close to the estates, the Indian 
asked to be settled in the southwest and south 
rather than in the drier uplands of the interior 


3 Tt is not uncommon for East Indians to take up 
land abandoned by Negroes. 

36 Some racial differences exist even in the distribu- 
tional patterns within the towns. Thus, im Port of 
Spain, some neighborhoods such as St. James show a 
higher proportion of Indians while others shew higher 
proportions of Negro and white. 





Joun P. AUGELLI AND Harry W. TayLor 








June 






























Rca 
ay GRANDES “SAN SOG) 
“ MATELOT’ RIVIERE 
~ AS  BLANCHISSEUSE REDHEAD 
| eee 
AS 
x, 
| PNZS ' 
aol = SAN JUAN ST. JOSEPH ko 
| ARATARIA *TUNAPUNA 
SANGRE 
| ePIARCO GRANDE 
JERNINGHAM 
TRINIDAD JUNCTION® 
eTALPARO *NESTOR 
| CULTURAL DIVERSITY OF eTODD’s ,ROAD 
ACE NAME ST. MARYS FREEPORT ‘ 
| SELECTED PL. S *McBEAN ef LANAGIN 
ni TOWN Pe) 
ast iw 
| ‘ 
| ' 
| 
MAYO 
*sT. MARGARET 
POINTE-A-PIERRE BUSY CORNER @ECCLESVILLE 
| 
" @PIERREVILLE | 
me SteMADELEINE we Guen 
A BREA PRINCES 
* 
\—__-pfaiSance @PMAMOND 
POINT FORTIN FYZABAD \ 
GUAYAGUAYAR | 
SIPARIAe 
@GRANVILLE apenas “BASSE TERRE 
IENOS 
AYRES PALO SECO »™ - 
Fait aia MORUGA ——_———~ 
fcacos 
\@POINT _ 
Fic. 6. Cultural Diversity of Selected Place Names on Trinidad 


because rice was his subsistence crop, not 
root crops and corn. This accounts for the 
dominance of the East Indian in the south and 
southwestern sectors and in all the western 
zone of sugar production. Cacao and the quest 
for land gradually pulled some East Indians 
to the interior and even to the east coast, but 
this number was not great save in the cacao 
lands adjacent to the sugar belt. 

More important than the original sites of 
settlement in accounting for the East Indian’s 
preference for the countryside is his traditional 
attachment to the land and his view of land 
as a source of life and dignity. Unlike the 
Creole, the Indian (in the past, at least) has 
attached no stigma to agricultural labor;*’ he 


8? Anthropologists suggest that the attitude of the 
East Indian towards agricultural work and ~ other 
“menial” Jabor is changing, but the difference be- 
tween East Indian and the Negro on work attitudes 
is still a marked one. 





has the reputation for working harder and for F 
less money than the Negro; and he views the 
acquisition of land as a mark of progress and 
fulfillment. While only a few have risen ‘to 
the rank of large landowners, the East Indian 
who does not make an effort to acquire some 
land is exceptional. Even when his primary 
job is that of a laborer on the estates, he will 
attempt to own a small plot of his own. More- 
over, the Indian is seldom content with sub- 
sistence agriculture. He virtually dominates 
rice farming and truck gardening and he is 
significant in the output of cacao, coconuts, 
and even sugar. Finally, the East Indian has 
a higher birth rate than the Negro, and his 
large family may make the countryside more 
attractive than the city. 

Of the remaining groups, the white shows 
concentration above its roughly 3 percent av- 
erage in the urban and suburban areas, espe- 
cially at Port of Spain and San Fernando. 
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Fic. 8. Public Building, Port of Spain. Note marked English influence. 
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Some concentration of whites is also apparent 
in the oil areas and in a few of the sugar estate 
sectors. Since the whites are still strongly en- 
trenched in business, the estates, and some of 
the higher echelon civil service jobs, this dis- 
tribution needs no further explanation. 

Numerically, the dominant element in the 
white group is British—both native-born and 
expatriate. Census figures do not permit a 
breakdown of the distribution of whites by 
ethnic origin. Field observation, however, 
suggests that there are still a few rural dis- 
tricts, as in the north, where tightly knit 
French groups retain their distinctiveness, and 
that the bulk of other non-British whites, such 
as Jews, Venezuelans, and others, are found 
almost exclusively in and around Port of Spain. 
The Chinese, Syrians, and Portuguese, whose 
total represents a very small percentage of the 
over-all population, are again largely urban. 
The importance of these groups lies not in 
their numbers but in their monopoly of many 
of the small business establishments and a few 
of the larger ones, 


P. AUGELLI AND Harry W. TAYLOR 








Hindu Temple, St. James, Port of Spain 






OTHER MANIFESTATIONS OF DIVERSITY 


The play of racial and cultural diversity is 
apparent in Trinidad in more than distribu- 
tional patterns, however, and while it is be- 
yond the scope of this paper to present the 
total reality of this diversity, a few additional 
facets will be mentioned. Of interest to the 
geographer is the influence of the island's 
multi-cultural background on place geography 
(see Fig. 6). Names like Blanchisseuse, 
Grande Riviére, and Sans Souci give evidence 
of French influence; San Fernando, Sangre 
Grande, and La Brea are of Spanish origin; 
Fyzabad is East Indian and St. Mary’s is Eng- 
lish. Still others, such as McBean and Flana- 
gin Town, have Scottish and Irish flavor. In 
the city of Port of Spain streets on adjacent 
blocks bear the names of O'Connor, De Ver- 
teuil, and Petra, and in the heavily East In- 
dian St. James section of the city streets named 
Fraser and Carlton run alongside others named 
Madras, Calcutta, Bombay, and Bengal. There 
is no marked areal differentiation on the is- 
land by origin of place name, but there is a 
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suggestion that many names in the coastal 
zones and in the north of Trinidad are either 
Spanish or French while English names ap- 
pear more common in the sugar belt of the 
west. East Indian names are less common be- 
cause place geography was already well es- 
tablished before the arrival of this group. 
Cultural diversity is further mirrored by the 
heterogeneous architecture, particularly of re- 
ligious structures. Stately English Gothic 
churches, Moslem mosques, and Hindu tem- 
ples form part of the same cultural landscape. 
It would be difficult to find a city of compar- 
able size anywhere in the Western Hemis- 
phere to equal the architectural variety of 
Port of Spain (see Figs. 7, 8, 9, 10, 11). 
Religion does not strictly follow racial lines, 
but the large number of sects is evidence of 
the numerous cultures at work. The major re- 
ligious division is between the Christian 
groups, which embrace practically all the 
Europeans and Creoles, and the non-Christian 
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Fic. 10. Muslim Mosque, Port of Spain (Courtesy Alcoa Steamship Co.) 





population, which includes East Indian Hin- 
dus and Moslems, Jews, and others.** Chris- 
tian groups are made up for the most part of 
Roman Catholics and Anglicans, but others, 
such as Presbyterians, Wesleyans, Baptists, 
Moravians, and Seventh Day Adventists, are 
well represented. About 70 percent of the 
East Indians are classified as Hindus, and the 
remainder, divided in approximately equal 
numbers, are Moslems and Christians. Con- 
versions among the Chinese have also been 
numerous, and most of the group are now 
either Roman Catholics or Anglicans. In addi- 
tion to the “established” religions, sects with 
a strong African flavor, such as the “Shango,” 


88 According to the 1946 census, the religious break- 
down by percentage on the island was Roman Catho- 
lic 34.5, Anglican 24.2, Presbyterian 3.6, Wesleyan 
2.5, Baptist 2.2, Moravian 1.3, Seventh Day Advent- 
ist 1.2, other Christians 1.3, Hindu 22.7, Moslem 5.8, 
other non-Christians 0.7. 
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the “Rada,” and the “Shouters” are also 
present. 

Some variety in language is also character- 
istic of Trinidad’s population. While English 
is the official language and English “Creolese” 
is the everyday tongue of most of the popula- 
tion, remnants of Spanish, French patois, as 
well as Hindi and Urdu survive. Spanish en- 
claves exist in the valleys of Santa Cruz, Ma- 
racas, and Lopenot, while Hindi, and to a 
lesser extent, Urdu, continue as the home lan- 
guages in many of the predominantly East 
Indian villages in the southern part of the 
island. French patois is spoken by tiny groups 
among the older stock of the population and 
by recently arrived immigrants from Wind- 
ward territories such as Dominica and St. Lu- 
cia, The variety of linguistic influences has 
also enriched the English Creolese with nu- 
merous foreign words and special pronunci- 
ations, 

Anthropologists and sociologists indicate that 
race and ethnic origin are of some importance 
in social status.” Trinidad, like much of the 


” Anthropologists and sociologists have found much 
grist for their mills in Trinidad’s diverse population. 


Joun P. AuGELLI AND Harry W. TAYLOR 












“4 
, 








Cemetery, Port of Spain 


Caribbean, has traditionally placed a high 
social premium on white skin and a corres- 
pondingly low one on dark skin. The club to 
which the individual may belong, the girl he 
may marry, even the job open to him may be 
influenced by his color. The once almost ab- 
solute correlation between race and class is 
beginning to break down under the attack of 
an aggressive and well-educated colored mid- 
dle class, but the consequences of “bad” hair 
and the darker shade of color are still tragic- 
ally real even to the casual observer. Social 
mobility is increasing, but the habits and prej- 
udices of a society steeped in “colonial” values 
die hard. In the East Indian communities, 
especially those in the rural areas, caste may 
actually be more important than color. The 
significance of caste may not be as great as it 
still is in India, but it remains true that most 
of the East Indian leaders in Trinidad belong 
to the higher castes. Similarly, there are some 
differences in diet, particularly between the 


See especially L. Braithwaite, op. cit.; M. J. and F. S. 
Herskovits, Trinidad Village (New York, 1947); the 
unpublished work of Columbia University anthropolo- 
gists under the direction of Dr. Vera Rubin. 
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East Indians who favor rice and meatless 
dishes and the Creoles who prefer starchy 
vegetables and meat. Distinctiveness is also 
apparent in the dress of religious pundits and 
East Indian women (see Fig. 12). 


FUTURE DEVELOPMENTS 


As to future portent of racial and cultural 
liversity and population patterns in Trinidad, 
current trends suggest some interesting but 
disturbing possibilities. Opinion regarding the 
eventual assimilation of East Indian and Cre- 
ile is sharply divided,*” but current evidence 


“At a recent meeting of anthropologists, for in- 
stance, two papers dealing with the question of “cre- 
lization” of the East Indian arrived at diametrically 
pposed conclusions. Significantly, the paper which 
forecast “creolization” was based on studies of upper 
dass Hindus in Port of Spain while the paper which 
voncluded negatively stemmed from the analysis of an 
Indian rural village of peasant cane cutters, (See D. 
Crowley, “Cultural Assimilation in a Multiracial So- 
ciety,” and M. Klass, “East and West Indian; Cul- 
tural Complexity in Trinidad,” presented at the Con 
ference on Social and Cultural Pluralism in the Carib- 
ean, held at the New York Academy of Sciences on 
May 27-28, 1959. All papers are to be published by 
the Academy. ) 
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Hindu Religious Leader and Other East Indians in Rural Area 








suggests that (1) land as a value symbol for 
the East Indian continues as strong as ever; 
2) the Creole’s movement to the city will 
also continue and at a higher rate than the 
East Indian’s; (3) increase in the total popula- 
tion of the island will be high, fostered by both 
the high birth rate of the East Indian and an 
expected rise in the immigration from other 
territories in The West Indies. The East In- 
dian’s attachment to the land and the Creole’s 
preference for urban living may result in a 
continued “Indianization” of the countrvside 
and “Africanization” of the towns. In the light 
of recent political developments, this geo- 
graphic cleavage between the two groups and 
the difference in the way of life that it im- 
plies may heighten the already existing racial 
consciousness. Universal suffrage (which was 
granted in recent vears) has removed the gov- 
ernment from the hands of the whites who 
had controlled it since colonial times and has 
made it an object of competition among the 
non-whites. As a result, race and ethnic origin 
have become so important in politics that they 
often are the primary factors in determining 
a candidate's fortune at the polls. Block vot 
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ing along racial lines is becoming increasingly 
common, and the emergence of racial political 
parties, while not a current reality, seems to 
be a future possibility. In the opinion of many, 
the East Indians view with apprehension the 
recent rise in Negro nationalism not only in 
Trinidad but in the entire West Indies Fed- 
eration of which Trinidad is a member. They 
appear determined not to be submerged by 
the more numerous Negro element, and, in 
defense, many cling to the symbols of Indian 
identity including a strong attachment to 
mother India. Thus, Gandhi and Nehru are 
almost as important folk leaders and folk 
heroes in the East Indian communities of Trin- 
idad as they are in India.*! The current move- 
ment known as the “Hindu Revival” in Trini- 
dad is a conscious effort to make the East 
Indian aware of his cultural heritage and dis- 
tinctiveness. In the racial competition with 
the Creole, perhaps the East Indian’s most 
significant advances have been made in the 
“battle of the cradle.” His higher birth rate 
in comparison with the Negro may tip the 


41 This does not imply that there has been no cul- 
tural modification of the East Indian since his arrival 
in Trinidad. The Trinidadian Indian would probably 
feel as much a stranger in India as the French Can- 
adian in France, but like the French Canadian, the 
East Indian adheres strongly to the symbols of group 
identification. 





racial balance in his favor within a matter of 
decades and bring a new dimension into the 
racial patterns of Trinidad.‘? Even this ad. 
vantage may be nullified, however, if the free 
movement of people within The West Indies 
Federation results in a heavy increase in the 
immigration of Negroes from other territories, 

There is evidence that the Creole’s prefer. 
ence for the city may eventually result in a 
solid urban conglomeration stretching from 
Port of Spain eastward to Arima and south. 
ward to San Fernando and La Brea. Similarly, 
the over-all increase in population, particu. 
larly of East Indians, may eventually create 
the pressure to force the occupance of the 
lightly settled areas of the island. 

In conclusion, regardless of what the future 
play of race may be in Trinidad, it is obvious 
that this island and the entire Caribbean re- 
gion merits intense study. The borderlands of 
the Caribbear are the home of people of di- 
verse races and cultures, and as such, they 
represent one of the great world laboratories 
for the study of the impact of diversity on land 
and people complexes. 


42 The East Indian birth rate generally exceeds the 
Creole’s by more than twelve births per 1000 of pop- 
ulation. In the period from 1941 to 1948, for example, 
East Indian births were 45.7 per 1000 as compared 
with 33.5 per 1000 for the Creoles. 
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THE INFLUENCE OF PLEISTOCENE CLIMATES UPON THE 
MORPHOLOGY OF CUESTA SCARPS ON THE COLORADO PLATEAU’ 


FRANK AHNERT 
University of Maryland 


p to the present, research into the effect 
U of past climates upon the development 
of landforms in the now semiarid southwest 
of the United States has been largely confined 
to the study of Pleistocene glaciation of the 
high mountain ranges and of glacio-pluvial 
lakes. 

The bibliographies of comprehensive treat- 
ments of the Pleistocene, as for example 
Flint’s,2 contain innumerable references on 
these subjects. By comparison, Pleistocene 
and post-Pleistocene valley fills have received 
much less attention from investigators, al- 
though the small amount of information 
available appears highly significant. Sur- 
prisingly little is known, finally. about the in- 
fluence of Pleistocene climates upon the great 
variety of landforms that rise above the floors 
of valleys and the former levels of lakes, yet 
are not high enough to have been glaciated. 
These forms have been mostly explained in 
terms of processes active under dry climates 
similar to those observable at present, although 
in adjacent areas elevated lake terraces as well 
as glacial landforms offer ample proof that dif- 
ferent climates, and consequently different 
processes, have prevailed in the past. It is 
hoped that this paper will shed some light on 
how and to what degree such past processes 
have affected the present appearance of these 
forms. Since little is to be gained from sweep- 
ing generalizations, the objective of the paper 
is limited to one particular form type, the 
cuesta scarp. I have selected it because my 
experience gained through previous work in 
the humid cuesta landscapes of Central 
Europe suggested a comparison with similar 
forms in a different climate, and because the 


‘I am very grateful to the General Research Board 
of the University of Maryland for a generous grant 
without which the field work could not have been 
carried out. Thanks are also due to Mr. A. I. 
Salomé, formerly graduate assistant at the Depart- 
ment of Geography, University of Maryland, now at 
the University of Utrecht, The: Netherlands, for his 
_ assistance and cheerful fellowship in the 
ield. 

*Richard F. Flint, Glacial Geology and the Pleisto- 
cene Epoch (New York, 1947). 


character of a cuesta landscape is notably 
determined by the configuration of, and the 
processes taking place on, the cuesta scarps 
as its morphologically most active form ele- 
ments. Therefore, my field observations car- 
ried out during the summer of 1958 were con- 
centrated on two areas on the Colorado 
Plateau, namely, on the north flank of the 
Zuni uplift in northwestern New Mexico and 
on Monument Valley (Arizona-Utah). 

Petrographically, both are made up of 
resistant sandstones interbedded with less 
resistant rocks; structurally, both are parts of 
major upwarps, with the difference that on 
the north flank of the Zuni uplift the beds dip 
consistently away from the main axis of the 
anticline, so that from the older rocks in the 
center to the younger ones on the periphery an 
orderly sequence is maintained, while the 
Monument upwarp contains several shallow 
secondary synclines and anticlines, which lead 
to the predominance of one scarp-forming 
rock, the De Chelly sandstone, over a wide 
area. Thus the Zufi area permits, mainly, ob- 
servations on the morphological response of a 
whole series of different rocks under approxi- 
mately identical structural conditions, and 
Monument Valley, in contrast, on the response 
of one particular rock formation under varying 
structural conditions. 


EVIDENCE OF PAST CLIMATES 


The two areas are situated only about 100 
miles apart. Both lie within the pifion-juniper 
vegetation zone, the Zufi area at somewhat 
higher elevations so that it is somewhat less 
arid than Monument Valley.’ Still, their 
present climates resemble each other very 
much; locally intense, sporadic summer 
thundershowers provide the major part of their 
precipitation, and the resulting ephemeral 
runoff constitutes the principal means of 


3 Average annual precipitation at Kayenta, Arizona 
(Monument Valley), is 8.80 inches; at Crown Point, 
New Mexico, 11.07 inches. Climatic Summary of the 
United States, Sections 25 and 27 (U. S. Govern- 
ment Printing Office, 1933). 
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water erosion and corrasion. Neither possesses 


a permanent stream. On the basis of their 
present common climatic characteristics it can 
be safely concluded that their climatic 
histories, too, have been similar. 

The investigation of Pleistocene pluvial 
lakes all over the Southwest has well demon- 
strated the existence of more humid periods 
synchronous with the glaciations of the high 
mountain ranges. As Antevs has shown, this 
greater humidity was caused not only by the 
lowering of temperature and the resulting re- 
duction of evaporation, but also by higher 
precipitation.‘ During the interglacials, the 
climate was dry, perhaps at times even drier 
than now.® 

However, the climatic evidence presented 
by the Pleistocene lakes does not suffice for a 
reconstruction of the morphological processes 
that were active during the pluvials. The 
fact that these large lakes existed proves only 
that more water was available, and allows at 
best the conclusion that the annual rainfall 
was higher. It neither reveals the seasonal 
distribution of this precipitation, nor does it 
directly indicate whether those Pleistocene 
rains were similar to the present thunder- 
showers, only heavier or more numerous, or 
whether they were gentler and of longer dura- 
tion. It does not resolve the question whether 
the runoff consisted of brief spasms. or wheth- 
er it was more continuous. By general reason- 
ing one might, of course, assume that the 
greater amount of rainfall also was accom- 
panied by a more even distribution, and that 
the lower temperature reduced rather than in- 
creased the frequency of thundershowers. But 
this would be at best an educated guess. 

A conclusive answer to the question regard- 
ing the nature of pluvial runoff can be found 
only along the paths that the runoff has taken, 
in the sediments it has deposited; among these, 
large rivers are to be excluded, since varia- 
tions in their rate of discharge arising from 


* Ernst Antevs, “Climate of New Mexico during the 
Last Clacio-Pluvial,” Journal of Geology, Vol. 62 

1954), pp. 162-91. (Discussion of this article by 
Cerald M. Richmond and reply by E. Antevs in 
Journal of Geology, Vol, 63 [1955], pp. 193-95.) 
Antevs, “Geologic-Climatic Dating in the West,” 
American Antiquity, Vol, XX (1955), pp, 317-35; 
Antevs, “Ceologic-Climatic Method of Dating,” in 
GCeochronlogy, University of Arizona Bulletin, Vol. 
XKVI, No. 2 (1955), pp. 151-09 

Ki. ¥. Flint, op. cit., p. 473 
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climate and, therefore, changes in the char. 
acter of their sediments, are probably less 
pronounced than in the case of smaller 
streams. The smallest gullies and washes, on 
the other hand, are very likely too recent to 
contain Pleistocene materials. The most cer. 
tain results can be expected from streams and 
small rivers with ephemeral flow at present, 
which have cut arroyos into their own deposits, 
If it can be shown that they were flowing 
more permanently during the pluvials, this 
fact would prove a more even distribution of 
pluvial rainfall. The danger that in an in- 
dividual valley local factors may influence the 
behavior of the stream more than general 
climatic causes® can be avoided by a com- 
parison of several streams in different areas, 
Such studies of alluvial fills have been car- 
ried out by Albritton and Bryan’ in westem 
Texas, by Hack* in northeastern Arizona, and 
by Leopold and Snyder® near Gallup, New 
Mexico. In all three areas the fills consist of 
several beds separated by unconformities: the 
upper members of the series contain artifacts; 
the lowermost bed, however (Neville forma- 
tion of Albritton and Bryan, Jeddito formation 
of Hack, Gamerco formation of Leopold and 
Snyder ), is characterized by a lack of artifacts, 
the occurrence of Proboscidian bones, greater 
regularity of bedding, and the presence of 
caliche formed during the altithermal “long 
drought”’’ which followed the last glacio- 
pluvial. The deposition of this lowermost bed 
took place in that last glacio-pluvial. Hunt 
uses the unconformity between this and the 
younger beds as a well-defined time mark be- 
tween Pleistocene and Recent, and notes also 
that on the Colorado Plateau “the late Pleisto- 
cene alluvium commonly is homogeneous in 
composition and texture longitudinally along 
the main streams,” while “the Recent alluvium 


® Tbid., p. 483. 

7™C. C. Albritton and K. Bryan, “Quaternary 
Stratigraphy in the Davis Mountains, Trans-Pecos, 
Texas,” Bulletin of the Geological Society of America, 
Vol, 50 (1939), pp. 1423-74. 

*J. T. Hack, “The Changing Physical Environment 
of the Hopi Indians of Arizona,” Papers of the Pea- 
body Museum of American Archaeology and Ethnol- 
ogy, Harvard University, Vol. XXXV, No. 1 (1942). 

*1,. B. Leopold and C. T. Snyder, “Alluvial Fills 
Near Gallup, New Mexico,” U. S. G. S. Water Supply 
Paper L110—-A (1951). 

! Antevs, “Geologic-Climatic Dating in the West, 
op. elt., p. 328, 
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__,. is composed of broad, low coalescing 
fans” whose composition and texture may 
vary considerably from one fan to another." 
All this evidence points to a greater per- 
manency of stream flow during the last glacio- 
pluvial than at present. In agreement with 
this conclusion is a note by Antevs that “the 
Sulphur Spring Valley north of Douglas in S. 
£. Arizona, which is now drained by an 
ephemeral stream in an arroyo cut since 1885, 
had a small perennial stream during the last 
pluvial.”** 

Unfortunately, no stream sediments dating 
back to earlier pluvials seem to have been 
found. However, it can reasonably be as- 
sumed that the conditions of rainfall and run- 
off leading to the earlier high stands of the 
Pleistocene lakes were similar to those existing 
during the last pluvial. The following treat- 
ment of forms encountered along cuesta scarps 
will be based on these findings. 


LANDSLIDES 


Landslides, the majority of them slump 
blocks, have been observed and investigated 
by P. Reiche and J. T. Hack on Black Mesa,"* 
and by A. N. Strahler on the Vermilion and 
Echo Cliffs.'* Their accounts agree on the 
following points: 


—_— 


) The slump blocks occur where pervious 
sandstone of considerable thickness 
overlies thick, weak, and highly im- 
pervious shale (on Black Mesa, Mesa- 
verde sandstone over Mancos shale; on 
the Vermilion and Echo Cliffs, Chinle, 
Navajo, and Wingate sandstone over 
Chinle shale). 

2) In these localities there are no freshly 
fallen or very youthful slump blocks. 
Instead all the blocks present show 
various degrees of erosion. 

3) The absence of youthful slump blocks 
seems to indicate that the factors caus- 
ing them are not active under the pres- 
ent climate. 

"C. B. Hunt, “Pleistocene-Recent Boundary in the 
Rocky Mountains Region,” U. S. G. S. Bulletin 996-A 
1953). 

* Personal letter. 

SP. Reiche, “The Toreva Block—A_ Distinctive 
Landslide Type,” Journal of Geology, Vol. 45 (1937), 
pp. 538-48; J. T. Hack, op. cit., pp. 11-12. 

‘#4 N. Strahler, “Landslides of the Vermilion and 
Echo Cliffs, Northern Arizona,” Journal of Geomor- 
vhology, Vol. III (1940), pp. 285-301. 
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I have found slump blocks under the same 
—and only the same—stratigraphic and mor- 
phological conditions as the authors cited. In 
the Zufi Mountains they were observed only 
on the scarp of the main tongue of the Gallup 
sandstone (Mesaverde group), which overlies 
Mancos shale, north of the Puerco River ar- 
royo near Pinedale Trading Post, New Mexico. 
In the southern part of Monument Valley, 
slump blocks are found on the scarp of the 
Glen Canyon group (Wingate, Kayenta, and 
Navajo sandstone), underlain by claystones 
and shales of the Chinle formation. Boot 
Mesa, a residual outlier of Navajo sandstone, 
is virtually ringed by landslides. 

The amount of erosive transformation that 
the slump blocks have undergone generally 
increases with increasing distance from the 
present position of the scarp. One block in 
front of the Gallup sandstone scarp is almost 
completely buried under alluvium (Fig. 1). 
The great difference in appearance between 
slump blocks of different ages, which can also 
be noted on a photograph in Strahler’s arti- 
cle,” suggests that the conditions favorable 
for the occurrence of slumps either existed 
continuously for a long time or occurred re- 
peatedly during that time. 

The presence of slump blocks on some 
scarps is as significant as their complete 
absence on others. The north flank of the 
Zuni anticline has about a dozen more or less 
distinct scarps, but only one of them has been 
subject to slumping; and although the number 
of scarp-forming rocks in Monument Valley is 
smaller, essentially the same observation can 
be made there. A stratigraphic comparison of 
the different scarps'® shows that while the 
scarps having slumps are characterized by 
thick massive sandstone over thick shale, the 
scarps without slumps are either made up of 
thinner sandstone beds, often interspersed 
with weaker layers, such as the Dakota sand- 
stone in the Zuii Mountains, or the shales 
underlying them contain beds of sandstone 
that increase their resistance, or both of these 
conditions obtain. 

Thus, thick, weak, impervious rock over- 


8 Thid., p. 294. 

6 After Four Corners Geological Society Guidebook 
(1957), A. A. Baker, “Geology of the Monument 
Valley—Navajio Mountain Region, San Juan County, 
Utah,” UL S. G. S. Bulletin S865 (1936), and field 
observations, 
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Fac. 1. 


Slump blocks along the Gallup sandstone scarp near Pinedale Trading Post, New Mexico. The 


uniform scarpward dip of the outcrops in the foreground indicates that they constitute the highest part of an 
old slump block that has been almost entirely covered by alluvium. The hill in the middle ground is another 


slump block, badly disintegrated by weathering. 


lain by massive pervious rock of considerable 
thickness, bedded horizontally or dipping at 
a low angle, constitutes the stratigraphical 
prerequisite for the occurrence of slumps. 
Since no slumping of importance takes place 
at present in the Southwest, though the strati- 
graphical prerequisites still persist, the present 
semiarid climate obviously does not provide 
the agents that bring it about. Because of the 
similarity of the interglacial or interpluvial 
climates with the present one, the possibility 
of block slumping during those periods must 
also be ruled out. Slumps are caused by 
saturation with water and the resulting reduc- 
tion of friction. The saturated material be- 
comes incapable of supporting the weight of 
the overlying material, which therefore slides 
down the slope en bloc. In the Southwest, 
water in sufficient quantities was available 
only during the pluvials, The suggestion that 
one period of greater precipitation, “perhaps 


” 


near the close of the Pleistocene,”* caused the 
formation of slump blocks, cannot be accepted, 
for the time elapsed since then appears too 
short for the great amount of erosion observed 
on some of them; furthermore, the wide range 
in degree of erosion on different blocks, and 
the varying distances of the blocks from the 
present scarp, indicate that their formation 
was distributed over a long period of time. 
From the present appearances and position of 
the blocks, it appears that the time span be- 
tween the formation of the oldest ones and 
that of the youngest ones must have been at 
least several times the length of the interval 
between the end of slumping and the present. 
Hence, one may conclude, the slump blocks 
were formed during Pleistocene pluvials: those 
lying at the bases of present scarps very likely 
during the last pluvial, those lying further 
away during earlier ones. 


297 


'T Strahler, op. cit., p. 
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The gentler rains of the pluvials percolated 
into the joints and pores of the pervious scarp- 
forming rock, creating a perched water table 
above the underlying impervious rock. At the 
contact between the two beds, springs and 
seepage emerged, saturating and thereby 
weakening the shale below. Some of the 
major joints may have extended from the 
resistant rock downward into the weak rock 
underneath. Water penetrating along these 
joints lubricated the joint planes and thereby 
reduced friction to a point at which the weight 
of the mass between the joint and the scarp 
could no longer be supported in its position. 
The joint then served as the initial shear plane 
for the movement of the slump block. Under 
the present climate, slump blocks are not 
formed because the rare but heavy rains can- 
not be absorbed fast enough even by the pores 
of pervious rocks, so that a large fraction of 
the water runs off at the surface and remains 
unavailable for the saturation and lubrication 
necessary for slumping. On those scarps that 
have no slump blocks at their bases, slumping 
was impossible even in the more humid 
pluvials either because the layers of scarp- 
forming rock were too thin to constitute an ef- 
fective ground water reservoir, because forti- 
fying beds of more resistant rock in their 
underlying shales maintained a sufficient sup- 
port in spite of the work of water on the 
weaker horizons, or because both these factors 
were present. 


“ACHTERSTUFEN OR BACK SCARPS 


H. Mortensen introduced the term “Achter- 
stufe” to designate stratigraphical scarps that 
face in the direction of the dip, i.e., opposite 
to the direction in which the “normal” cuesta 
scarp (the “front scarp”) faces.'* A suitable 
translation seems to be “back scarp,” which 
term will be used below. 

According to Mortensen, the back scarp is a 
form element characteristic of cuesta land- 
scapes in semiarid climates. During his field 
investigations, which centered in western 
Texas, he noticed that the back scarps were 


* H. Mortensen, “Neues zum Problem der Schicht- 
stufenlandschaft; Einige Ergebnisse einer Reise durch 
len Siidwesten der U. S. A., Sommer und Herbst 
1952,” Nachrichten der Akademie der Wissenschaften 
in Gottingen, Mathematisch-Physikalische Klasse, Ua, 
Mathematisch-Physikalisch-Chemische Abteilung, Jahr- 
gang 1953, Nr. 2. 


often more pronounced and showed signs of 
greater activity of morphological processes 
than the almost stagnant front scarps. A back 
scarp is initiated by the vertical corrasion of a 
stream or river flowing parallel to the strike of 
the beds. As the watercourse cuts through the 
scarp-forming bed into the weaker layers be- 
low, scarp retreat sets in on both sides of its 
valley, a front scarp developing on the down- 
dip, a faster retreating back scarp on the up- 
dip side. Lateral corrasion may aid the re- 
treat of the scarp. The back scarp is common- 
ly steep, but in contrast to the straighter front 
scarp it is strongly dissected by small V-shaped 
valleys and ravines whose heads reach up onto 
the dipslopes. Mortensen explains that they 
are produced by the flow of water from short, 
heavy rains down the dipslope and over the 
edge of the scarp. In addition, he asserts that 
the steepness of the scarp is maintained by 
other rainwater running into the joints of the 
resistant rock, which is frequently exposed on 
the dipslope. Along the joints, this water runs 
below the surface on the contact with the 
underlying impervious layers down the dip 
and emerges at the back scarp. Mortensen be- 
lieves that through intensive sapping it under- 
mines the resistant rock areally and causes the 
latter to disintegrate into joint-blocks, par- 
ticularly near the edge of the scarp. Its 
rapidity of flow and its ephemeral nature dis- 
tinguishes this “subterranean wash” from true 
ground water. 

On the basis of these observations and inter- 
pretations, Mortensen ascribes the retreat of 
the back scarp to processes effective under a 
semiarid climate. His findings apply also to 
the areas under scrutiny here, but require 
some significant amendments. 

The areal disintegration of resistant rock 
into joint blocks, presumably brought about by 
“subterranean wash,” was observed only in the 
Zuni Mountains, on the Dakota sandstone, 
which consists of two thin scarp-forming lavers 
(the lower one 50 feet, the upper one 10 feet 
thick) separated by shale. It is most pro- 
nounced in the thinner upper bed, whose rec- 
tangularly intersecting joints are spaced about 
as far apart as the rock is thick, thus dividing 
the layer into approximately cubical blocks 
(Fig. 2). On the other, much thicker, scarp 
formers areal disintegration into blocks ap- 
pears to be absent because many joints do not 
extend all the way from the surface down to 
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Fic. 2. Block disintegration of the upper bed of Dakota sandstone near Pinedale Trading Post, New 
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Mexico. The Dakota scarp is traversed here by a small canyon. In the foreground lie the nearly cubical 
joint blocks; the opposite canyon wall (middle ground) shows the thin disintegrating sandstone cap and the 
underlying shale. On the horizon are the cuestas of the Gallup sandstone and of the Crevasse Canyon 


formation (Mesaverde group). 


the contact with the impervious rock below, 
and because within a thick rock mass adjacent 
joint blocks support each other to a greater 
degree. Ravines cut into the rear scarp by 
surface runoff down the dipslope, on the other 
hand, occur very commonly. 

Besides these forms explicable by present- 
day processes there are, however, others that 
seem quite out of place. The back scarp of 
the thicker lower Dakota sandstone bed is 
most deeply indented by valleys whose heads 
are not of the ravine type, but have a broad 
semicircular shape with steep, often vertical 
rear walls little disturbed by ravines (Fig. 3). 
Similar semicircular valley heads occur on 
other back scarps in the Zufii Mountains; for 
example, on that of the Westwater Canyon 
sandstone (Morrison formation) just east of 
Kit Carson’s Cave (Fig. 4), and that of the 
Point Lookout sandstone near Crown Point, 
as well as on the De Chelly sandstone scarps 





in Monument Valley. They cannot be ex- 
plained by “subterranean wash,” since their 
rear walls appear quite solid; nor by surface 
runoff, as ravines, where present at all, only 
modify the rear wall locally, and at most dis- 
guise it somewhat, but never could have form- 
ed it. Unconcentrated surface runoff, too, has 
to be excluded as a possible cause, for it would 
wear down and flatten the rear wall rather 
than steepen and maintain it. The semicir- 
cular valley heads greatly resemble those cre- 
ated by contact springs and seepage emerging 
along the bedding plane between pervious 
rock and underlying weak impervious rock 
in humid central Europe.’® There the 
contact spring undercuts the rear wall of the 
valley head, keeping it steep and forcing it 


19F, Ahnert, “Die Oberfliichenformen des Dahner 
Felsenlandes,” Mitteilungen der Pollichia, U1. Reihe, 
3. Band (1955), pp. 2-105. 
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Fic. 3. Distribution of Dakota sandstone (shaded ) 
and of scarps at its edges north of Wingate Station, 
New Mexico. The strata dip northward. Note the 
contrast between the relatively straight front scarp 
(facing southward) and the deeply indented back 
scarp with its small ravine heads (A) and large semi- 
circular valley heads (B). In several places the head- 
ward extension of the semicircular valley heads has 
led to the complete removal of the Dakota sandstone, 
and to the formation of wind gaps in the front scarp. 
Map drawn from an aerial photograph. 
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back so that the valley is extended headward 
by spring sapping. Less concentrated seepage 
does the same to the sides of the valley head 
and of the valley itself, widening the valley. 
Springs and seepage of this type require the 
permanent or at least semipermanent presence 
of ground water. Absent now, it can have 
existed only during the Pleistocene pluvials. 
As valleys with semicircular valley heads form 
the deepest and widest indentations into the 
back scarp, they are the lines along which the 
retreat of the scarp has been most intense; and 
that retreat took place during the pluvials. 
The fraying of the back scarp by areal disin- 
tegration into blocks and the cutting of ravines 
are the work of the present as well as of the 
interpluvials. The alternation of climates sug- 
gests also an alternation of processes: some 
tavines cut through the pervious cap rock dur- 
ing an interpluvial may have been widened by 
sapping during the following pluvial, as, 
vice versa, some semicircular valley heads 
have been modified by ravine cutting. 

A comparison of the distribution of semi- 
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circular valley heads along different scarps 
provides some additional clues. The front 
scarp of the thin Dakota sandstones runs in a 
rather straight line; all semicircular valley 
heads face down the dip. On the Point Look- 
out sandstone (more than 200 feet thick) and 
the even thicker De Chelly sandstone (more 
than 300 feet thick) they adorn both the front 
and the back scarps, the only difference being 
that the back scarp is indented more deeply 
(Fig. 5). Apparently the Dakota sandstones 
were too shallow aquifers to allow much 
movement of ground water towards the front 
scarp; their perched ground water table sloped 
almost entirely towards the back scarp. The 
thicker sandstones, with their greater storage 
capacity, however, contained a perched water 
table that also had a fairly long slope towards 
the front scarp, assuring the emergence of 
pluvial springs and seepage there. 


VERTICAL CLIFFS VERSUS ROUNDED SCARP RELIEF 
In the Zuni Mountains 


To the north of U. S. Highway 66 near Fort 
Wingate, New Mexico, the Jurassic Upper En- 
trada sandstone forms an impressive south- 
facing scarp subdivided into numerous spurs 
by small transverse valleys. Many of these 
spurs have ends pointed like the bows of ships, 
with high vertical cliffs. As one proceeds 
northward up into the transverse valleys, the 
upper edge of the cliffs gradually descends to 
the valley floor, while above it a sloping, 
rounded relief on bare rock occupies an in- 
creasing fraction of the sandstone surface 
(Fig. 6). Although the beds dip in approxi- 
mately the same direction as that in which the 
upper edge of the cliff descends, the edge 
descends along the valley side more steeply 
than do the beds; in other words, the rounded 
relief up-valley lies on the same stratigraphic 
and lithologic horizons that appear in the 
steep cliff near the end of the spur. Up-val- 
ley from the point where the cliff edge reaches 
the valley floor, the gentle bedrock relief ex- 
tends with its rounded forms over the entire 
slope. The edge itself is usually sharp; the 
cliff truncates the gentler relief above it. Ina 
few places, however, the edge is less distinct, 
being replaced by a rounded transition zone. 

The massive, cross-bedded Upper Entrada 
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Fic. 4. Semicircular valley head in Westwater Canyon sandstone (Morrison formation) near Kit Carson 


Cave, New Mexico. 


sandstone is underlain by interbedded sand- 
stones, siltstones, and shales (Lower Entrada, 


























Fic. 5. Distribution of Point Lookout sandstone 
(shaded) and of scarps at its edges southeast of 
Crown Voint, New Mexico, The southward-facing 
from scarp on this thick sandstone is only moder- 
aly indented, whereas the back scarp is deeply in 
dented, Map drawn from aerial photograph, 


sometimes called Carmel formation*’ ), which 
outcrop at the foot of the cliffs near the end of 
the spurs. Up-valley, where the cliffs become 
lower, the Carmel formation disappears be- 
neath alluvial fill. The cliffs usually reach 
somewhat beyond that point. Inspection of 
the fill, to the extent permitted by its exposure 
in arroyo walls 6 to 10 feet in height, reveals 
none of the characteristics ascribed by Leo- 
pold and Snyder to the late Pleistocene Gam- 
erco formation.*! The fill is therefore post- 
Pleistocene; during the Pleistocene the Carmel 
formation probably outcropped along the en- 
tire length of the Entrada cliff. At present 
very little rock debris lies at the base of the 
cliff. Only in a few places are there small ac- 
cumulations of blocks, the result of rock falls. 
On the vertical sandstone walls numerous 
small, shallow scars remain where flaking has 


““See James A. Momper, “Pre-Morrison Strati- 
graphy of the Southern and Western San Juan Basin, 
in Four Corners Geological Society Guidebook (1957), 
pp. 85-93. 

“Op, cit. 
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Indian Village, New Mexico. 





occurred, but only a few flakes are found be- 
low. The scars show varying degrees of fresh- 
ness. Apart from these small signs of activity, 
the cliffs seem to be morphologically at rest. 
The sloping rounded relief and the cliffs that 
lead gradually into the round relief above are 
even more conspicuously stagnant. While the 
rock walls of the cliffs having a sharp upper 
edge truncate the bedding planes of the En- 
trada sandstone rather smoothly and display a 
strong red color approaching that of the com- 
pletely unweathered rock, differential weath- 
ering on the rounded surfaces has etched out 
slightly weaker layers so that the bedding 
structure becomes easily visible as a_bas- 
relief, and the red color is dimmed by a grey 
weathered crust. 

Besides the characteristic relative location 
of the two contrasting form elements—vertical 
cliffs and gentle relief—along individual trans- 
versal valleys, their regional distribution is also 
significant. 

Because of the structure of the Zuni uplift, 
an elongated dome, the strata in this area dip 
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Fic. 6. Vertical cliff truncating rounded bedrock relief along a spur of Entrada sandstone near Wingate 
Beds dip gently towards the background (northward). 








to the north towards the San Juan Basin as 
well as to the west towards the Nutria mono- 
cline along the plunging axis of the uplift. To 
the east of the Fort Wingate area the Entrada 
sandstone spurs therefore stand well above the 
valley floors, several underlying formations 
being exposed on their lower slopes. To the 
west, near Rehoboth Mission, the base of the 
sandstone is entirely underground; only its 
upper parts rise above the floors of the val- 
leys. Correspondingly, high cliffs prevail to 
the east, while to the west there are no cliffs 
at all, but rounded, gentle slopes on the entire 
bare rock surfaces (Fig. 7). Thus the east-to- 
west sequence of forms along the Entrada 
scarp resembles the south-to-north sequence 
along individual spurs near Fort Wingate. 
The association of two so different form 
elements—vertical cliffs and gentle relief—on 
the same rock can be interpreted only as the 
result of two different processes. Vertical 
cliffs are produced by some kind of undercut- 
ting, either lateral corrasion or sapping by 
seepage, at the bases of the cliffs, Lateral cor 
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Fic. 7. Bedrock slopes on Entrada sandstone near Rehoboth Mission, New Mexico. 


rasion would be indifferent to the presence or 
absence of the less pervious Carmel formation 
at the base of the exposed sandstone, and con- 
sequently ought to have attacked the rounded 
forms near Rehoboth Mission as well as the 
cliffs near Fort Wingate that rise from the 
valley floors. Moreover, the cliffs east of Fort 
Wingate begin too high above the valley floors 
to have been affected by lateral corrasion. On 
the other hand, the association of vertical cliffs 
with the exposure of the Carmel formation 
points to sapping at the cliff base by water 
from within the rock. Lateral corrasion may 
have aided locally, but cannot be considered 
the principle agent in producing the cliffs. 
in contrast, the gentle relief indicates wear- 
ing down from above in the absence of under- 
cutting. The gully-like cross-profiles of the 
concave forms on this relief (Fig. 6) show 
that the main agent was water running off the 
surface. On the rounded sandstone surfaces 
near Rehoboth Mission and on the similarly 
gentle slopes in the upper parts of the trans- 
verse valleys near Fort Wingate, the process 
of flattening by surface wash went on practi- 


cally unopposed by cliff formation because 
the base of the sandstone, along which most 
of the sapping would occur, remained under- 
ground. 

The recognition of these two different pro- 
cesses poses the question whether they were 
active simultaneously or alternately. The 
answer is to be found at those places where 
rounded relief on the upper part of the sand- 
stone is truncated by a vertical cliff from be- 
low. Since the form produced by sapping— 
the vertical cliff—sharply truncates the forms 
produced by surface wash—the rounded bed- 
rock slopes and the pronounced gullies on 
them—simultaneity of both processes is un- 
likely. If they had occurred simultaneously, 
the surface runoff concentrated in the gullies 
would have cut notches into the cliff below; 
such notches have not been observed. Further- 
more, on this porous sandstone the mode of 
rainfall suitable for surface wash (heavy 
showers ) and that required for sapping (fre- 
quent gentle rains that can percolate into the 
rock and form ground water ) differ so greatly 
that they could not both be equally effective 
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Fic. 8. Schematic cross-sections through the four 
main scarp types occurring on De Chelly sandstone in 
Monument Valley. 

a) All-vertical cliff formed by predominance of 
pluvial sapping. Base of De Chelly sandstone is 
exposed above high footslope. 

(b) Bedrock slope formed by. predominance of 
interpluvial surface wash. Base of De Chelly sand- 
stone was never exposed. 


under the same climate. For these reasons, 
predominance of surface wash and predomin- 
ance of sapping must have alternated through 
tme. This alternation of processes resembles 
that responsible for the dualism of forms en- 
countered along the back scarp found only a 
few miles from the Entrada scarp. The argu- 
ments used earlier for correlating the occur- 
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(c) Bedrock slope sharply truncated by vertical 
cliff from below. Predominance of surface wash fol- 
lowed by predominance of sapping. Base of De 
Chelly sandstone usually exposed above low footslope. 

(d) Bedrock slope gradually leading into vertical 
cliff below. Predominance of sapping followed by 
predominance of surface wash. Base of De Chelly 
sandstone usually covered by Quaternary alluvium 
and dune sand. 


rence of these processes with Pleistocene cli- 
matic history are also valid here; i.e., sapping 
was predominant during the pluvials, surtace 
wash during the interpluvials. Where the 
cliffs sharply truncate the rounded reliet above 
them, active cliff retreat has occurred after the 
shaping of the rounded relief, apparently dur- 
ing the last pluvial. The last period of major 
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morphological activity on the rounded relief 
would then fall into the last interpluvial. 
Neither the cliff nor the rounded relief has 
undergone much post-pluvial modification. 
On the other hand, where a broad, rounded 
transition zone leads from the cliff up to the 
rounded relief, the originally well-defined 
edge between the two form elements has been 
worn away by the predominant surface wash 
after the cliff retreat had ceased. In view of 
the sharp edge observed elsewhere, and of the 
similarity in color and degree of weathering 
between the transition zone and the gentle 
relief above, this rounding cannot have oc- 
curred post-pluvially; instead it must have 
taken place during an interpluvial, probably 
the last one. Then the last period of sapping 
and cliff retreat was the preceding pluvial, the 
cliff remaining inactive during the last pluvial. 
Such inactivity could have been brought about 
by obstructions at the base of the cliff, which 
greatly reduced the effectiveness of sapping 
and prevented the removal of weathered ma- 
terial. Very likely these obstructions were 
dunes. Dunes active at present lie along the 


All-vertical De Chelly cliff on Eagle Mesa, west of Monument Pass. (Compare with Fig. 8a.) 


base of the Entrada sandstone in several 
places; remnants of older dunes are also found 
in direct contact with the sandstone. The 
degree of their cementation and calichification 
is high, their material being almost a semi- 
consolidated sandstone. The caliche may well 
have been formed during the altithermal 
drought, a dating that would place the origin 
of the dunes themselves in the early part of 
that drought or even in the Pleistocene. It is 
not far-fetched to assume that, similarly, dunes 
piled up at the foot of a cliff in an interpluvial 
became cemented by caliche, and thereby 
fixed, during the remainder of that inter- 
pluvial, and remained fixed during the fol- 
lowing pluvial. Seepage from the sandstone 
would have percolated right into the porous 
dune sand, with no effect on the sandstone. 
Although the impervious silty and shaly layers 
beneath the sandstone would have been 
softened along the contact under the influence 
of seepage, their particles could not be re- 
moved because of the obstructing cover of 
dune sand; i.c., these weaker rocks remained in 
place and continued to support the overlying 
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sandstone, the sapping and steepening of 
which was thus prevented. 


In the Monument Valley area 


A dualism of forms similar to that on the En- 
trada sandstone is found on the Permian De 
Chelly sandstone in the Monument Valley 
area. The occurrence of rounded surfaces in 
places where the De Chelly sandstone “crops 
out near stream level” in contrast to the sheer 
cliffs found where it lies well above the valley 
floors was already recognized by A. A. Baker.*” 
The De Chelly sandstone, cross-bedded and 
eolian like the Entrada sandstone in the Zuni 
Mountains, is underlain by the less pervious 
Organ Rock formation, shales interbedded 
with relatively weak sandstones. In anticlinal 
zones such as Monument Valley proper" the 


2 Op. cit., p. 85. 

*It should be pointed out that Monument Valley 
S not a single “valley” in the morphological sense, 
but comprises a series of flat expanses fringed by 
cuestas, mesas, and buttes of the De Chelly sandstone. 
It extends across several local divides. 


CuEsTA SCARPS ON THE COLORADO PLATEAU 


Fic. 10. Large talus block on pedestal consisting of finer talus material, on the northern footslope of Oljeto 
Mesa (De Chelly cliff in background) near Goulding’s Trading Post, Monument Valley. 


Organ Rock formation rises several hundred 
feet above alluvial fill, and the De Chelly 
sandstone has vertical cliffs as high as it is 
thick (Fig. 8a). The cliffs show signs of rela- 
tive freshness in that the joint planes exposed 
in the cliff face are fairly undisturbed and 
meet along sharp edges (Fig. 9). The talus 
on the Organ Rock footslopes consists of 
scattered blocks, locally concentrated but no- 
where forming a continuous cover. However, 
most of the larger blocks are not derived from 
the De Chelly sandstone but from the relative- 
ly thin hard Shinarump conglomerate, which 
crowns the De Chelly scarp and its outliers, 
separated from the De Chelly sandstone by 
the weak Hoskinnini and Moenkopi forma- 
tions. Many talus blocks stand on pedestals 
consisting of finer talus material (Fig. 10). 
The lower part of the footslopes is dissected 
by closely spaced gullies, a veritable badland 
topography. On the crests between the gullies 
lie numerous blocks, frequently on pedestals 
(Fig. 11), while the gullies are remarkably 
free of them. Apparently there was formerly 
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Fic. 11. Cluster of talus blocks on talus pedestals (demoiselles) on a crest between two gullies near the 
base of the footslope of Mitchell Butte, Monument Valley. 


more waste on the slope than now; it is at 
present being removed more rapidly than 
waste is supplied from the cliffs above. Ab- 
sence of ground water sapping and predomin- 
ance of surface wash account for this anomaly. 
The few individual blocks that have recently 
fallen from the cliff have been loosened by 
weathering along joints; they are an aftermath 
of former cliff steepening by sapping rather 
than evidence for its continuation into present 
time. The thicker talus mantle of the past 
indicated by the pedestals had accumulated 
as a result of more intensive waste production 
on the cliff and less intensive removal than 
obtain at present. Since the cliff is still verti- 
cal and its upper edge sharp, this greater 
waste production was the result of more in- 
tense parallel retreat of the cliffs as a result of 
sapping. These processes are to be placed in 
the last pluvial. At that time the talus must 
have contained more De Chelly blocks than 
Shinarump blocks, since the De Chelly sand- 
stone in Monument Valley is about six times 
as thick as the Shinarump conglomerate and 


the pedestals of talus blocks consist mostly of 
De Chelly and some Organ Rock material. 
Since then the ratio has become reversed be- 
cause the De Chelly sandstone blocks weather- 
ed faster than the hard conglomerate and dis- 
integrated into smaller fragments, which are 
more easily carried away by the agents of 
erosion. 

In synclinal areas, for example near Oljeto 
Trading Post and in the southern part of Mys- 
tery Valley, the De Chelly sandstone has cliff- 
less, bare bedrock slopes (Figs. 8b and 12), 
which are comparable to the smooth slopes of 
the Entrada sandstone near Rehoboth Mis- 
sion, New Mexico. Here, too, the underlying 
impervious beds (Organ Rock formation) re- 
main below the surface, and spring and seep- 
age sapping in pluvial times could not become 
effective. These slopes have been formed 
during interpluvials by the flattening action of 
water from brief, violent rains running off on 
the surface. V-shaped gullies occur on them 
in areas of particular concentration of runoff, 
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Cuesta SCARPS ON THE COLORADO PLATEAU 





Fic. 12. View east from a point about 1 mile west-southwest of Goulding’s Well, Monument Valley. 


Light-colored hills in right center have bare De Chelly bedrock (compare with Fig. 8b). 


Long cliff in 


background is De Chelly cliff of Mitchell Mesa. Immediately to the left of it stands Mitchell Butte with its 
high Organ Rock footslope. In the far left the two Mitten Buttes are visible, their footslopes being hidden 
fram view by the rise of the terrain near Monument Pass. 


as, for example, at the head of Horse Trail 
Canyon on the south side of Oljeto Mesa. 
Between the two extremes, all-vertical cliff 
and cliffless slope, there are several transitions, 
separable—in analogy with those found on the 
Entrada sandstone—into two main types: a 
cliff sharply truncating a sloping relief above 
it (Figs. 8c and 13), and a cliff with a rounded 
upper edge passing gradually into sloping re- 
lief (Figs. 8d and 14). The faces of the 
former cliffs are comparable in freshness to 
those of the all-vertical cliffs in the anticlinal 
areas; the Organ Rock formation is exposed 
at the cliff base and forms a footslope, which 
is, however, much lower than the footslope 
below the all-vertical cliffs, and is locally con- 
cealed by dunes. Parallel retreat of cliffs by 
sapping took place after the formation of the 
rounded relief had ceased, probably in the last 
pluvial. Since the cliff retreat failed to con- 
sume the entire sloping relief, it appears to 





have been quantitatively smaller than in the 
case of the all-vertical cliffs above which 
nothing of a former rounded relief is left. This 
failure could be the consequence either of low- 
er intensity of spring and seepage sapping or 
of a shorter duration of that process. Lower 
intensity is unlikely, since these lower cliffs 
frequently possess larger ground water catch- 
ment areas than many of the mesas and buttes 
with all-vertical cliffs. The cause seems rather 
to be a shorter duration of cliff retreat. A 
cover of dune sand, similar to that found in 
places today, deposited during the dry last 
interpluvial and only gradually removed in the 
earlier parts of the following pluvial, could 
have greatly hampered the effectiveness of 
sapping until the bedding plane between the 
pervious De Chelly sandstone and the im- 
pervious Organ Rock formation became un- 
covered again, 
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Fic. 13. Vertical cliffs truncating sloping bedrock relief above them, on De Chelly sandstone in the 


eastern fringe of Tse-Biyi, Monument Valley. 
others covered by dunes. (Compare with Fig. 8c.) 


Below the cliffs with rounded upper edges, 
one finds at best a very low Organ Rock foot- 
slope, most often no footslope at all. In the 
latter case, the Organ Rock formation is 
covered either by alluvium or by dune sand. 
The faces of these cliffs are considerably less 
fresh, their joint planes less distinct, than those 
of the all-vertical cliffs or of the cliffs with 
sharp upper edges. Surface weathering has 
been at work here for a longer time, and the 
faces of the present cliffs are older. Further- 
more, their rounded transition to the sloping 
relief above is evidence that the last major 
process acting upon them was flattening by 
surface wash, not steepening by sapping. The 
parallel retreat of these older cliffs is to be 
placed in an earlier pluvial, the last period of 
wearing by surface erosion probably in the 
last interpluvial. During the last pluvial, at 
the time when the other, fresher cliffs were ac- 
tively retreating, these older cliffs remained 


Low Organ Rock footslopes in some places exposed, in 


stagnant because their bases were buried 
under alluvium and dune sand.** 

Thus, the great similarity of forms found on 
scarps of the De Chelly sandstone in the Mon- 
ument Valley area to the forms on the En- 
trada sandstone in the Zufi Mountains is pro- 
duced by the action of the same processes up- 
on lithologically similar rocks situated in com- 
parable structural positions. 


CONCLUSION AND OUTLOOK 


This paper has concentrated on the interpre- 
tation of three different forms or combinations 
of form elements observed along stratigraphi- 


*4 The heavy reliance of this interpretation of cliff 
development upon the presence of dune sand as a re- 
tarding factor should seem startling only to those who 
have never been in Monument Valley. Many square 
miles of this area are occupied by dunes, and it ap- 
pears entirely justified to assume that they covered 
the bases of cliffs with low footslopes as much in 
the past as they do now. 
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CueEsta SCARPS ON THE COLORADO PLATEAU 


Fic. 14. Vertical cliffs gradually passing into sloping bedrock relief above, on De Chelly sandstone in 





the eastern fringe of Tse-Biyi, Monument Valley. Organ Rock footslope entirely covered by alluvium and 
dune sand. (Compare with Fig. 8d.) “Totem Pole” in background is a residual outlier of De Chelly sand- 
stone standing above a well-exposed footslope of Organ Rock shale. 


cal scarps in the two areas selected for study, 
namely: slump blocks, the configuration of 
the Achterstufe or back scarp, and the co-ex- 
istence, on some scarps, of vertical cliffs and 
gentler bedrock slopes. Each appears entirely 
different from the others, yet it can be shown 
that all of them were formed either by sapping 
of ground water or by erosion of surfaces and 
subsurface runoff, or by both—processes that 
alternated with the rhythm of pluvial and in- 
terpluvial climates of the Pleistocene. The 
morphological result of these processes, which 
must have been active all over the now semi- 
arid Southwest, is variegated because of the 
lithological and structural diversity they en- 
countered. Landslides are limited to cliffs 
consisting of thick pervious rock rising above a 
high footslope made up of thick, impervious, 
very weak shales. The forms of the Achter- 
stufe deviate to the greatest extent from those 
of the front scarp if the pervious scarp-forming 
tock is relatively thin. The combination of 





vertical cliffs and gentler bedrock slopes oc- 
curs on thick, massive sandstone lying above 
shale that is to a certain degree fortified by 
sandstone benches and therefore more resist- 
ant than the shale lying below cliffs with land- 
slides. The regional variation of this com- 
bination of forms is dependent on the tectonic 
position of the scarp-forming sandstone, which 
determines, together with the depth of dissec- 
tion, the height of the cliff bases and of the 
shale footslopes above the alluvial plains and 
valley floors. 

The results of this paper also exemplify the 
inappropriateness of the concept of the 
morphological cycle in present-day research. 
In the terminology of the morphological cycle, 
the evolution of these cuesta scarps is domi- 
nated by a series of alternating so-called 
“climatic accidents.” Since these “accidents” 
are the rule rather than mere exceptions, an 
interpretation of the scarps in terms of any 
cycle would be unrealistic and artificial. 
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Numerous questions remain unsolved. The 
rainfall regime of the last pluvial can be well 
interpreted on the basis of evidence provided 
by late Pleistocene stream sediments. The 
existence of a similar climate in earlier pluvial 
phases can only be inferred by analogy as long 
as no detailed reports on stream sediments 
dating back to those periods are available. A 
further investigation of pluvial landslides is 
also desirable. The wide range in the distance 
of landslide blocks from present scarps and the 
different degree of their dissection imply that 
some of these slides occurred in earlier 
pluvials than others. To date them accurately, 
a comparative study of all landslide sites along 
the scarp of Black Mesa, on the Vermilion and 
Echo Cliffs, the Gallup sandstone scarp, and 
the Navajo-Wingate sandstone scarp in the 
southern part of Monument Valley seems 
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necessary. It may also be possible to find out 
which of the cliffs in Monument Valley having 
rounded upper edges have been stagnant only 
during the last pluvial and which were stag. 
nant during the last and the preceding pluvial: 
some cliffs have rounded edges that appear 
considerably more worn than others. 
Finally, there is the all-important question 
whether the findings presented here are valid 
for similar scarps throughout the American 
Southwest, and perhaps even in other now 
semiarid scarplands that experienced pluvial 
climates in the Pleistocene. The paper im- 
plies this general validity, based as it is on two 
landscapes having a climatic history and 
lithological and structural conditions similar to 
those of many other areas; but proof, of course, 
can come only from further tests in the field, 
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HARMONIC ANALYSIS OF THE ANNUAL MARCH OF PRECIPITATION 
OVER THE UNITED STATES' 


LYLE H. HORN anp REID A BRYSON 


University of Wisconsin 


HEN describing the precipitation clima- 

tology of an area as large as the United 
States, the climatologist faces the problem of 
determining the precipitation characteristics 
which make one region distinct from others 
and presenting these features in some system- 
atic manner. A feature such as the mean an- 
nual total precipitation can be easily presented 
by a map of isohyets. A regional group of 
stations possessing relatively homogeneous 
annual totals may offer a clue as to the areal 
extent of a certain rainfall type, while the 
transition from one homogeneous region to 
another will appear as a gradient of isohyets. 
In certain areas, such as along a mountainous 
divide, the transition may be so abrupt as to 
be called a boundary. However, since the 
precipitation is rarely distributed uniformly 
through the year, the climatologist must also 
describe the distribution of precipitation with- 
in the year. Two regions may have the same 
mean annual total precipitation, but in one 
region the rainy season may be winter, while 
in the other it may be summer. Thus the 
climatologist is faced with the problem of 
typing a phenomenon which varies both areal- 
ly and temporally. 

Since precipitation data are almost uni- 
versally given as monthly totals, some clima- 
tologists have approached the problem by 
simply presenting tables of monthly means, 
which they consider representative, and then 
discussing the tables in a qualitative way.” 
Ward has met the problem in a somewhat 
more analytical manner. By examining the 


‘The authors are indebted to Dr. Glenn Trewartha 
and Dr. Arthur Robinson for the constructive com- 
ments during the early stages of preparation of this 
paper and especially to Dr. Edwin Hammond for 
his guidance in the final preparation of the paper. 
We also thank Mrs. CasSandra Steinkopff, Mr. Wel- 
bum K. Johnson and Mr. Robert Lizzarralde for their 
assistance in drafting the figures. 

_*B. Haurwitz and J. Austin, Climatology (New 
York: McGraw-Hill, 1944); W. Kendrew, The Cli- 
— of the Continents (Oxford; Clarendon Press, 

Zi), 
om R. DeCourcy Ward, The Climates of the United 
States (Boston: Ginn and Co., 1925), pp. 183-213. 
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monthly precipitation means of a great num- 
ber of stations, he was able to combine the 
data of those stations which had similar dis- 
tributions of precipitation through the year. 
From these data he prepared composite rain- 
fall graphs which he used to describe certain 
regions possessing homogeneous rainfall pat- 
terns. 

Ward’s description of the rainfall types of 
the United States is indeed comprehensive and 
well presented. However, his method involves 
two difficulties. First, he was forced to pre- 
pare his composite graphs from subjectively 
chosen stations. He had to treat a quantitative 
problem in a qualitative way. Second, by 
focusing attention on characteristic types, he 
had to describe an areally continuous phe- 
nomenon by discrete classes. Thus he was un- 
able to give an objective description of the 
manner of transition from one rainfall type to 
another. 

In addition to the difficulties mentioned 
above, the climatologist, no matter what his 
method of representation may be, often has 
had difficulty in obtaining precipitation rec- 
ords of the same length and covering identical 
periods. Since there is a growing body of 
evidence of climatic drift during recent dec- 
ades, the selection of records covering simul- 
taneous periods may be of considerable im- 
portance. 

With the advent of high-speed electronic 
computers and with the recent publication of 
standard thirty-year mean monthly precipita- 
tion values for the United States, progress 
can be made toward solving these difficulties. 
The new normals (1921-50) provide a homo- 
geneous body of data which may be treated by 
objective mathematical techniques involving 
a computing chore hitherto too formidable for 
more than a brief exploration of their possi- 
bilities. 

The method of harmonic analysis is such a 
technique. It affords a means by which the 


4 Monthly Normal Temperatures, Precipitation and 
Degree Days, U. S. Weather Bureau, Asheville, N. C. 
(1954). 
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Fic. 1. 


temporal and areal distribution of precipita- 
tion can be objectively described. It is not 
here the intent of the authors to make a de- 
finitive study of the precipitation climatology 
of the United States, but to consider the ap- 
plicability of such mathematical methods as 
harmonic analysis and to present a series of 
maps which can be used to introduce greater 
objectivity into the study of precipitation pat- 
terns. 


THE METHOD OF HARMONIC ANALYSIS 


In a general way we tend to think of the 
temporal variation of precipitation at a sta- 
tion in terms of a graph using monthly totals 
as ordinates and months as abscissas. Strictly 
speaking, only a histogram or bar graph can 
properly be used for this presentation. Since 
a month may consist of 25, W, or 31 days, it 





Harmonic Analysis of Data for Madison, Wisconsin 


is necessary for comparison purposes to adjust 
the monthly means to periods of equivalent 
length. This is done by weighting the month- 
ly means so that they are equivalent to periods 
of 30.44 days, i.e., one-twelfth of a year. Then, 
if a gradual transition from one month to 
another is assumed, the histogram can be re- 
placed by a continuous curve which describes 
the yearly course of precipitation at the sta- 
tion.” This curve, which is often compli- 
cated, is then subjected to harmonic analysis. 

The fundamental purpose of harmonic anal- 
ysis is to permit any irregular or complex 
curve, such as the yearly precipitation curve, 
to be expressed mathematically as the alge- 


® Such a curve is similar to those presented by Ward 
except that Ward's graphs were plotted from com- 
posite means rather than means for one station. 




































braic sum of a series of simple curves. The 
type of simple curve used is the sine curve.® 
It can be shown that the precipitation curve 
of a station can be reproduced by adding six 
properly chosen sine curves possessing fre- 
quencies from one to six.? These six sine 
terms are called, successively, the first har- 
monic, second harmonic, etc. The problem 
is to choose the six sine terms properly. To 
do this, one determines, successively, the 
equations of the sine curve of frequency one, 
frequency two, frequency three, etc., that most 
closely fits the original curve being analyzed.* 
In such curve fitting, it is understood that the 
total abscissal lengths of all the sine curves 
are the same. They differ only in the fre- 
quency with which the sine curve passes 
through its cycle in the interval. The sine 
curve may be fitted to the data curve by (1) 
increasing or decreasing the ordinate values 
and (2) shifting the curve horizontally so as to 
change the abscissa values at which the maxi- 
ma or minima occur. The number of de- 
grees the sine curve is shifted to the left is 
called the phase angle, while the factor by 
which the sine term is multiplied to increase or 
decrease its ordinate values is called the am- 
plitude. These two values, the phase angle and 
amplitude, give an objective description of the 
harmonic. The sum of the six harmonics com- 
pletely describes the observed curve.® For a 
complete description of the technique, the 


® A sine curve is a con- 
tinuous smooth curve ‘It 
with abscissa extending 
through 360° (see in- 0 
set). The curve normal- 
ly begins at 0°, rises to ae 
2 maximum of plus one 0 90 180 270 360 
at 90°, decreases to a minimum of minus one at 
270°, and again rises to zero at 360°. If this sine 
curve is repeated so that it passes through its range 
of values twice within the interval, it is said to have 
a frequency of two. The total abscissal length re- 
mains the same but is now divided into 720°. Each 
time the curve is repeated within the interval, the 
frequency is said to be increased by one. 

"F. B. Hildebrand, Advanced Calculus for En- 
gineers (New York: Prentice Hall, 1949), p. 236. 

*The best fit is defined as the best least squares 
fit. The sine curve is fitted to the observed curve so 
that the sum of the squares of the difference between 
the sine curve and observed curve is a minimum. 

*The complete mathematical expression for six 
armonics is: 
R= A. + A: sin (30°t 4+ 4) 4+ Ay sin (GO°t 4 +) 
+...+ Ao sin (180°t + 4) 
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reader is referred to Brooks and Carruthers 
or Conrad and Pollak." 

The sine curve of the first harmonic (i.e., 
frequency one) has one maximum and one 
minimum, and thus describes the tendency 
towards an annual variation in the observed 
precipitation curve. This sine curve is ad- 
justed to give the best mathematical descrip- 
tion of the annual tendency. The amplitude, 
which is the ordinate distance from the arith- 
metic mean of the twelve monthly means to 
the maximum (or minimum), provides a 
measure of difference in rainfall between the 
annual maximum and annual minimum. If a 
station has a rainfall curve which has a strong 
annual variation, the amplitude of the first 
harmonic will be relatively large, while if there 
is little annual variation the amplitude will be 
quite small. The phase angle can be used to 
determine the time of the year at which this 
annual maximum occurs. 

The second harmonic, which consists of a 
sine curve with two maxima and two minima, 
describes the semiannual tendency of the ob- 
served curve. If the observed curve has two 
maxima of rainfall six months apart, the sec- 
ond harmonic will fit the curve well. In this 
case the amplitude of the second harmonic 
will be relatively large, while the amplitudes 
of the other harmonics will be relatively small. 
The phase angle gives the best mathematical 
description of the time of the two maxima. 
Likewise, the third, fourth, fifth, and sixth 
harmonics describe the four-month, three- 
month, two-and-four-tenths-month and _ two- 
month variations, respectively. 

The type of variation which predominates is 
revealed by a comparison of the sizes of the 
amplitudes. Those harmonics which best fit 
the observed curve will have the largest 


Where t = time (in months), January t = 0, Febru- 


ary ¢ = |, ete. 

Ao = Arithmetic mean of the twelve monthly 
means 

Ai, Ay... , As are the amplitudes of the six 
harmonics 

#,, by 2... Be are the phase angles of the six 
harmonics 

R = precipitation at time ¢. 


"CE. P. Brooks and N. Carruthers, Handbook of 
Statistical Methods in Climatology (London: Her 
Majesty's Stationery Office, 1953), p. 335. 

"V. Conrad and L. W. Pollak, Methods in Climatol 
ogy (Cambridge, Mass.: Harvard Univ. Press, 1950), 
p. LLY, 
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amplitudes, while those which fit poorly will 
have small amplitudes. Thus, certain har- 
monics usually contribute more to the descrip- 
tion of the observed curve than others. 

Even though certain harmonics predominate, 
most precipitation curves are sufficiently 
complicated to require the use of all six har- 
monics to completely describe the observed 
curve. For example, a station with a strong 
annual tendency in precipitation will have a 
first harmonic of large amplitude, but it may 
also have a second harmonic—although of 
smal] amplitude. The fact that a second har- 
monic exists does not mean that the observed 
curve has two maxima, but only that the curve 
cannot be completely described by the first 
harmonic alone. The second—and probably 
other harmonics—complete the description of 
the curve. If an observed curve could be 
completely described by a sine curve of fre- 
quency one, all the other amplitudes would 
be zero. However, such simple precipitation 


curves are rarely, if ever, found. 

Perhaps the discussion of an example will 
be helpful. Figure | is a graphical representa- 
tion of the analysis applied to the Madison, 
Wisconsin, precipitation data. Ordinate values 
are shown as deviations from the arithmetic 
mean of the twelve months. 


In each case 





Percentage of the Total Variability Obtained from the First Three Harmonics 


January 15 was assigned an abscissal value of 
0°. The graphs of the six harmonics are pre- 
sented separately. If these six harmonics are 
added, the observed curve is reproduced to a 
high degree of accuracy.’* The greatest de- 
viation noted between the observed curve and 
the reconstructed monthly means (circles on 
the center graph) was 0.03-inch, and even 
this small deviation is probably due to round- 
ing errors. 

In the Madison example, the phase angle of 
the first harmonic (,) is 270°. This means 
that the normal sine curve with its maximum 
at 90° has been shifted 270° to the left so that 
the maximum occurs in mid-July (180° on the 
abscissa scale of the first harmonic). Thus, a 
sine curve of frequency one best fits the ob- 
served precipitation curve when the sine maxi- 
mum occurs in mid-July. The first harmonic 


2°To obtain the observed monthly means the indi- 

vidual graphs can be added graphically, or, more ac- 

curately, the equation of the Madison curve can be 

solved for each month (i.e., let t = 0, 1,..., 1): 

R = 2.56 + 1.20 sin (30°t + 270°) + 0.10 sin 
(60°t + 242°) 


+ 0.21 sin (90°t + 69°) + 0.36 sin 
(120°t + 221°) , 
+ 0.37 sin (150°t + 7°) + 0.16 sm 


(180°t + 90°). 
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Fic. 3. Ratio Chart: Ao/A; 


amplitude (A,) of 1.20 inches changes the 
maximum and minimum points of the normal 
sine curve from +1.00 and -1.00 inches to 
+1.20 and -1.20 inches, respectively. Since 
the value of the amplitude is measured from 
the arithmetic mean of the twelve monthly 
means (2.56 inches in this example), the 
values at the maximum and minimum points 
of the sine curve become 3.76 inches and 1.36, 
respectively, if referred to a scale measured 
from 0 inches. This adjusted sine curve (#; = 
270°, A, = 1.20 inches) is the sine curve of 
frequency one which best describes the annual 
variation of precipitation at Madison. 

The second harmonic amplitude (Az) of 
only 0.10 inches indicates that the tendency 
toward a semiannual variation in precipitation 
at Madison is indeed small. The fact that the 
amplitude of the second harmonic is not zero 
does not mean that the Madison curve has 
maxima occurring six months apart, but 
rather that to describe the observed curve 
completely this term must be included. The 
phase angle (#2) of 242° indicates that the 
very weak semiannual tendency has maxima 
in late April and late October. 

The higher harmonics can be examined in 
a similar manner, and, as will be seen later, 





they can be used to study the smaller varia- 
tions in the curve, such as the double warm 
season maximum at Madison. 


CHARTS OF PHASE ANGLE AND AMPLITUDE 


The same type of analysis that was applied 
to the Madison precipitation data was carried 
out for a network of more than two-hundred 
United States stations. The precipitation 
means were taken. from the United States 
Weather Bureau publication Monthly Nor- 
mal Temperatures, Precipitation, and Degree 
Days."* These means are for the thirty-year 
period 1921-50. A very small amount of sup- 
plementary data was taken from Climate and 
Man."* 

Charts which present the areal distribution 
of phase angle and amplitude were prepared 
by plotting the phase angle and amplitude for 
each station and drawing isolines ( Figs. 4-13). 
Charts for all six amplitudes are presented, but 
only the first four phase angle maps are in- 
cluded. The station network is not dense 
enough to permit an adequate analysis of the 


‘SU, S. Weather Bureau, Asheville, N. C., 1954. 
‘U.S. Weather Bureau (Washington, D. C.: U. 
S. Printing Office, 1941). 
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Fic. 4. 1st Harmonic Phase Angle 


fifth and sixth harmonic phase angles. Since 
these harmonics reveal mainly local peculiar- 
ities of precipitation, their omission has little 
effect on the representation of broad-scale 
precipitation patterns for the United States. 

The isolines of phase angle can be con- 
sidered as isochrones of the date (or dates) 
of maximum rainfall for a particular harmonic. 
Since the harmonics are smooth sine curves, 
a description of the date of maximum along 
with the amplitude describes the entire curve. 
The inset tables convert phase angle values 
to dates of maxima for each harmonic. 

The isolines of amplitude describe the im- 
portance of the various harmonics. The am- 
plitude of each harmonic is measured from the 
arithmetic mean (Ay) of the twelve monthly 
means. If the amplitudes of all six harmonics 
are zero, the description of a curve is merely 
given by Ay—a straight line. There would be 
no variation in precipitation from month to 
month. Generally, however, the variation is 
sufficiently complex so that all six harmonics 
are different from zero. The percentage of 


the total month to month variation, explained 
by a given harmonic, can be determined by 
forming the ratio of the square of the ampli- 
tude of that harmonic to the sum of the 


squares of all six harmonics. To find what 
percentage of the total variation is given by 
the first three harmonics, the sum of the 
squares of the first three harmonics is divided 
by the sum of the squares of all six. Figure 
2 describes the percentage of the total varia- 
tion that is found in the first three harmonics. 
Over most of the country the percentage ex- 
ceeds 90 percent, and in only relatively small 
areas does it fall below 70 percent. Thus, a 
fairly good understanding of the broad-scale 
precipitation climatology of the United States 
can be obtained by examining the charts for 
the first three harmonics. The higher har- 
monics are more important in the description 
of the local features of the precipitation 
climatology. A brief discussion of their use 
is included. 

In viewing the phase angle charts, the read- 
er will note that at certain places the iso- 
chrones converge to a point or a line. At these 
places—called nodal points—the amplitude of 
that harmonic is zero; so the phase angle could 
have any value. These lines and points can 
be useful in locating zones of rapid transition 
from one rainfall type to another since there 
is a rapid change in date of maximum rainfall 
in such areas. 
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Fic. 5. 1st Harmonic Amplitude 


The charts of phase angle and amplitude are 
not intended to present a complete precipita- 
tion climatology of the United States, but 
rather to serve as useful tools in climatological 
investigations. The reader should remember 
that the harmonics are merely convenient 
mathematical artifices. Each harmonic des- 
cribes only one component of the observed 
precipitation curve. The observed curve is 
the sum of an annual tendency, a semiannual 
tendency, a tertiary tendency, etc. The charts 
of the various harmonics present the areal 
distribution of these tendencies. The ampli- 
tude charts reveal the size of these specific 
kinds of seasonal variations, while the phase 
angle charts describe the periods of the varia- 
tions. However, these charts do not describe 
the distribution of seasonal or annual absolute 
amounts of precipitation. They are not 
analogous to the usual charts of isohyets. 

Although the phase angle and amplitude 
charts do not differentiate precipitation in 
terms of absolute amounts, they are very use- 
ful in genetic analysis of rainfall types. Since 
each harmonic is computed independently of 
the others, it is possible to study a specific 
type of variation without interference from 
other types of variations which may be present 





in the observed curve. For example, in some 
area the semiannual variation may be domi- 
nant and the observed curves of the stations in 
that area may actually show maxima of pre- 
cipitation occurring six months apart. The 
second harmonic charts not only delineate 
this area, but also reveal how far this tendency 
—although much weaker—extends into the 
surrounding areas. In some other area the ob- 
served precipitation curves may be so complex 
as to defy any subjective analysis. However, 
a study of the phase angle and amplitude 
charts may clearly demonstrate that the pre- 
cipitation climatology of this area is deter- 
mined by a combination of rainfall regimes 
which influence the area, but are fully de- 
veloped only outside the area itself. During 
one season the area may share in a rainfall 
regime centered to one side of it, while in 
another season it may share in another rainfall 
regime centered to the other side. The dis- 
cussion of the charts will demonstrate these 
values of the method. 


DISCUSSION OF THE CHARTS 


Although the rainfall types of the United 
States have been frequently described, it is be- 
lieved that the charts of amplitude and phase 
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Fic. 6. 2nd Harmonic Phase Angle 


angle may introduce a new degree of areal 
objectiveness into climatological investiga- 
tions. The discussion of the maps will con- 
centrate on interpretation of the harmonic 
analysis and on some of the larger and more 
interesting rainfall features. We shall first 
examine the ratio chart (Fig. 3), which com- 
pares the annual and semiannual variations, 
then proceed to examine the charts of the first 
three harmonics. 


The Ratio Chart 


By forming the quotient A,/A; (i.e., the 
ratio of the amplitude of the second harmonic 
to that of the first) it is possible to describe 
the relative importance of the annual and 
semiannual variations. The ratio chart (Fig. 
3), which presents the areal distribution of 
this quotient, shows that in the western two- 
thirds of the country distinct areas possessing 
a strong annual variation are separated by a 
large region over which the semiannual varia- 
tion predominates, 

Along the Pacific Coast the amplitude of the 
annual term (Ist harmonic) is more than four 
times that of the semiannual term (2nd har- 
monic ), but to the east of the Sierra Nevada- 
Cascade Mountains, over the Intermontane 


region, the semiannual term has considerably 
greater relative importance. Over the south- 
ern Intermontane area and also over a smaller 
area of the northern Plateau, the semiannual 
term exceeds the annual term. East of the 
Rockies the annual term is again dominant, 
and over an area extending from New Mexico 
northeastward to the western Great Lakes it 
becomes more than four times as large as the 
semiannual. Thus, over the western two- 
thirds of the country we find two regions with 
a maximum of rainfall concentrated in one 
season separated by a region which has maxi- 
ma in two widely different seasons. 

The eastern one-third of this chart shows 
more irregularity of pattern, although there is 
a tendency for a northeast-southwest orienta- 
tion of isolines. Analysis of the phase angle 
and amplitude charts shows that some of these 
irregular areas are not particularly significant, 
while others are of definite interest. For 
example, the complex pattern in the northeast- 
ern states is largely the result of the fact that 
the amplitude values of both curves are gen- 
erally small (Figs. 5 and 7). In this circum- 
stance, a small variation in either figure can 
produce a large change in the ratio. However, 
the area of large annual variation extending 











ge oo. 


~~ - aa oe om, 











ably 
uth- 
aller 
nual 


ant, 
xico 
s it 
the 
wo- 
vith 
one 


ows 
e is 
ita- 
gle 
ese 
ant, 
For 
ast- 
hat 
en- 


can 
er, 
ing 











HARMONIC ANALYSIS OF PRECIPITATION 




















from Arkansas northeastward to southern In- 
diana and the area of semiannual variation 
along the Gulf Coast are both of interest and 
will be discussed further. 

Because Figure 3 presents only the ratio of 
the first two amplitude terms, we must turn 
to the maps of amplitude to get an idea of the 
absolute magnitude of the harmonic and to 
the phase angle maps to determine the dates 
of maxima. 

The First Harmonic 


The first harmonic term is relatively most 
important over those areas which now show 
a strong annual variation on the ratio chart— 
provided the amplitude chart shows a signifi- 
cant absolute value of amplitude. As was 
noted above, several such areas stand out. 

The wide spacing of isochrones (Fig. 4) 
along the Pacific Coast indicates that in this 
region there is little variation in the date of 
maximum. In northwestern Washington, the 
time of the annual maximum of precipitation 
is about January 1 or slightly earlier (4; = 
105°). Farther south, along the coast, this 
date of maximum is somewhat later, occurring 
slightly after F ebruary | in the southern Cali- 

ia area enclosed by the 75° isochrone. 
The decreasing amplitude (Fig. 5) from north 
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to south points up the heavier winter rains 
along northern sections of the coast, while the 
packing of isolines of amplitude along the 
Sierra Nevada—Cascade ranges indicates the 
rapid eastward weakening of the Pacific Coast 
rainfall type. However, a slight bulge of the 
isolines into the central Intermontane area can 
be noted. It appears that a rudimentary oc- 
currence of the Pacific Coast type is found 
over this region.15 The discontinuity in phase 
angle, which lies just west of the Continental 
Divide from western Montana to the Utah- 
Colorado boundary and then southwestward 
to southern Nevada, clearly marks the east- 
ward limit of the area over which the Pacific 
Coast type has influence. It is this objective 
indication of climatic divides or boundaries 
that constitutes one of the major advantages 
of this type of analysis. 

East of the Rockies the first harmonic is 
again dominant. The map of phase angle 
(Fig. 4) shows a gradual transition in date of 
maximum from late May (®, = 315°) in 


15 It is interesting that the eastward bulge of winter 
precipitation into the Great Basin coincides rather 
well with the highest part of the Coastal Range 
(Klamath Mountains), but with the most broken part 
of the Cascade-Sierra belt. 
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Fic. 8. 3rd Harmonic Phase Angle 


central Wyoming to mid-July (#; = 270°) in 
Wisconsin. There is also a transition from 
north to south along the east slope of the 
mountains. The late May maximum in Wyo- 
ming is replaced by a mid-July maximum in 
northeastern New Mexico. The amplitude 
chart (Fig. 5) shows this annual characteristic 
to be best developed in an area extending 
from eastern Kansas to Minnesota. Southeast- 
ward from the maximum amplitude noted in 
Kansas, we find a strong gradient of amplitude 
to a minimum in northern Arkansas, and then 
a rise to a new area of maximum in central 
Mississippi. The map of phase angle deline- 
ates this latter area very well. The region 
with a definite annual tendency extending 
from northeastern Texas northeastward to 
Kentucky has a late winter maximum. The 
60° isochrone indicates a region with a maxi- 
mum in February. Ward has labeled this pre- 
cipitation feature the “Tennessee Type.” 
The ratio chart shows that all of northern 
New England is characterized by an annual 
term that is more than four times the semian- 
nual term; however, an examination of the 
amplitude chart (Fig. 5) reveals that only 


46 Ward, op. cit., p. 190. 


over the interior of New England is the first 
harmonic term significant. Toward the coast 
there is a rapid decrease in amplitude, so that 
on the coast the quotient (A2/A;) is made up 
of two small numbers. The discontinuity in 
phase angle which lies along the coast also 
points up the difference in the annual march 
of precipitation between interior New Eng- 
land and coastal New England. The interior 
possesses a late July maximum (#; = 255°), 
but on the coast this maximum is shifted to 
winter (®#; = 60°). However, since an in- 
spection of the six amplitudes reveals that they 
are all small, this winter maximum is quite 
weak. Farther to the northeast the winter 
maximum becomes more significant as is 
shown by an amplitude which exceeds 0.80 
inches along the coast of Nova Scotia. 

On the first harmonic phase angle chart, 
the packing of isochrones immediately east 
and south of the Great Lakes is also note- 
worthy. The feature is most pronounced 
along the eastern and southern shores of Lakes 
Erie and Ontario. To the west and north of 


these lakes a mid or late summer maximum is 
noted, but on the southeastern shores this 
maximum is shifted to late fall (@; = 135° in 
western New York). 


Since the amplitude 
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terms of all the harmonics are small, the 
preference for a fall maximum is slight. 


The Second Harmonic 


On the ratio chart, in the Intermontane re- 
gion two areas possessing a semiannual type 
of variation stand out. These areas separate 
the strong winter maximum of the Pacific 
Coast from the strong summer maximum 
found east of the Rockies. Over most of the 
southern Intermontane area and a small area 
of the northern Plateau, the semiannual term 
exceeds the annual. 

The southern Intermontane pattern seems 
best developed over central Arizona (Fig. 7). 
To the north, the amplitude decreases rapidly 
reaching a minimum in central Utah. The 
line of phase angle discontinuity (Fig. 6), ly- 
ing east-west across southern Utah and south- 
em Nevada, delineates the northern boundary 
of this precipitation feature. South of the dis- 
continuity the phase angle of 30° indicates 
maxima in mid-February and mid-August. 
This two-season pattern has been described by 
Jurwitz and the summer maximum by Bryson 
and Lowry.'7 Although the semiannual effect 


—. 


* L. Jurwitz, “Arizona’s Two Season Rainfall Pat- 
tem, Weatherwise, Vol. 6 (1953), pp. 96-99; R. A. 





3rd Harmonic Amplitude 


becomes less important east of the Arizona— 
New Mexico boundary, the most marked 
change in phase angle occurs in eastern New 
Mexico. Thus, over most of central and west- 
ern New Mexico there exists the same semi- 
annual tendency found in Arizona, but in New 
Mexico the semiannual effect is merely super- 
imposed on a dominant annual term. 

The smaller area of dominant semiannual 
variation noted over the far northern Plateau 
is characterized by quite homogeneous values 
of phase angle—averaging near 180° (maxima 
in late May and late November). Figure 7 
shows the amplitude term to be quite weak, 
although definitely stronger than over the 
central Intermontane region. Here again it 
might be advantageous to turn back to the 
first harmonic charts. Figure 4 shows that 
this region is split by a discontinuity in phase 
angle of the first harmonic which, although of 
less importance than the second harmonic, is 
still evident. West of the discontinuity—over 
eastern Oregon—the annual component em- 
phasizes the late November maximum, while 


Bryson and W. P. Lowry, “Synoptic Climatology of 
the Arizona Summer Precipitation Singularity,” Bul- 
letin American Meteorological Society, Vol. 36, No. 7 
(1955), p. 329. 
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Fic. 10. 4th Harmonic Phase Angle 


east of the discontinuity—over western Mon- 
tana—the May maximum is emphasized. 
Combining these effects it seems that this 
northern Plateau area has a double rainfall 
maximum—early winter and early summer. 
Over the western portion the early winter 
maximum is the larger, while over the eastern 
section the early summer maximum is the 
larger. 

According to the ratio chart the northern 
Gulf Coast also possesses a dominant semian- 
nual characteristic. An extension of this 
characteristic appears as a tongue curving 
northeastward from eastern Texas. The map 
of phase angle shows that the Gulf Coast has 
maxima in early February and early August 
(%, — W" to 60° ), while the area from east- 
em Texas northeastward to Missouri experi- 
ences maxima in early May and early Novem- 
ber. The amplitude chart (Fig. 7) points up 
the difference between these two areas. One 
maximum of amplitude seems to be located 
south of western Florida, but to the west of it 
there is a steady decrease in amplitude to a 
minimum in extreme southeastern Texas and 
then a rise to a new area of maximum extend- 
ing from the Fort Worth area northeastward 
to Missouri. A weak extension of the “Ten- 


nessee Type” seems to act as a wedge sepa- 


rating these two regions of semiannual rain- 
fall. 

The ratio chart shows two smaller areas 
over which the semiannual variation exceeds 
the annual. The small area found on the New 
Jersey Coast and the elongated area along the 
upper St. Lawrence Valley both result from a 
quotient of two small amplitude values, and 
are thus relatively unimportant unless one de- 
sires to make a more detailed analysis of the 
regions. Values of all six amplitude terms 
are small, bearing out the insignificance of 
seasonal precipitation changes in these re- 
gions. 

The Third Harmonic 


In areas such as the western Gulf Coast of 
Texas and the eastern Florida coast, the third 
harmonic is of definite importance. Figure 9 
points up the relatively large values of the 
amplitude in these regions. The magnitude 
of the third harmonic in those regions implies 
a tendency for maxima to occur four months 
apart. The phase angle (#,; = 77°) at 
Brownsville positions maxima in late May, 
late September, and late January. An examin- 
ation of the actual means reveals that the 
September maximum is the most important in 
developing the third harmonic. The first har- 
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monic phase angle (#, = 210° to 240°) em- 
phasizes this September maximum. 

On the east coast of Florida the third har- 
monic gains importance because of the irregu- 
lar precipitation variations throughout the 
year. While the first and second harmonics 
point up the times of annual or semiannual 
maxima, it is not until we examine the third 
(and also the fourth) harmonic that we get a 
reasonably complete description of rainfall 
features of this area. 


The Higher Harmonics 


It was noted earlier (Fig. 2) that over the 
larger part of the country the first three har- 
monics give a reduction exceeding 70 percent 
and often above 90 percent. In the areas 
where the reduction falls below 70 percent, 
either the precipitation curve is sufficiently 
complicated to require higher harmonics or 
there are merely “ripples” in the curve and 
none stand out above the rest. 

An examination of all the harmonic terms 
shows that the areas of low reduction found on 
the southern New England coast and on the 
southeast shores of the lower Great Lakes are 
tegions where there is little seasonal variation 
i precipitation. Precipitation is quite con- 








stant from month to month. The area extend- 
ing along the lower Ohio River Valley has a 
greater seasonal variation in precipitation than 
the two previously mentioned areas, but here 
we find a rather marked tendency for alter- 
nate increases and decreases in monthly pre- 
cipitation. These alternate changes, with 
periods of two to three months, are superim- 
posed on the larger annual and semiannual 
variations. Thus, in this area the higher har- 
monics contain more information than in sur- 
rounding areas. 

The higher harmonics can be of use even 
in areas where the reduction by the first three 
harmonics is high. A few illustrations will be 
sufficient to show how they may be used. 

The double warm season maximum noted 
at Madison affords an interesting example. 
Although the first harmonic (©, = 270°) best 
describes the annual maximum as occurring 
in mid July, the observed data show a double 
maximum—June and September. Since the 
two maxima are three months apart, the eftect 
shows up in the fourth harmonic. The am- 
plitude chart (Fig. 11) gives an objective 
description of the areal extent of this region 
of double maxima. The area covers a rather 
large section of the Midwest with the most 
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pronounced effect centered over eastern Iowa. 

The unprocessed precipitation data also 
show a slight double winter maximum over 
southern California. Both the fifth and the 
sixth harmonic amplitudes show the area to 
be confined to a small portion of southern 
California. An examination of the unproces- 
sed data may also delineate a similar area, but 
any visual examination of raw data is often 
obscured by other complications in the curve. 
Harmonic analysis acts as a filter to eliminate 
such extraneous data. 


SUMMARY 


By applying the method of harmonic 
analysis to the precipitation data of a large 
number of stations, it is possible to obtain an 
objective description of certain features of 
the precipitation climatology of the United 
States. The method is distinctly advantageous 
in that it permits an objective areal analysis 
of the temporal features of the precipitation. 
The manner of transition from one rainfall 
type to another is often clearly presented. 
This is especially valuable in genetic analysis. 
The chief disadvantages of the method are 
that absolute precipitation amounts are not 
clearly presented and that one needs to view 


5th Harmonic Amplitude 


several charts to obtain the desired informa- 
tion. However, if one uses the method as a 
tool in climatological investigations rather 
than as an end in itself, the method can be of 
considerable value. 

Although the maps presented in this study 
were intended chiefly as an introduction to 
the method of harmonic analysis, it may be 
possible to draw some general conclusions 
concerning the precipitation climatology. In 
most areas—the Texas Gulf coast and east 
Florida coast excepted—either the first or 
second harmonic best describes the broad- 
scale precipitation features. The higher har- 
monics can be used to describe the smaller 
variations superimposed on the annual or 
semiannual terms. Regions over which the 
annual term is dominant are separated by 
regions of strong semiannual variation. The 
explanation seems quite simple. Where two 
different rainfall regimes with strong annual 
rhythms meet, the region of transition is in- 
fluenced by the conditions on both sides. 
Thus, for example, the summer rains of the 
south central United States and the winter 
rains of the West Coast overlap in the South- 
west, producing the semiannual pattern found 
there. 
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HARMONIC ANALYSIS OF PRECIPITATION 

















Fic. 13. 6th Harmonic Amplitude 


In the text we have made no effort to des- 
cribe the rainfall features in detail. The read- 
er may apply the same method of interpreta- 
tion to any area of interest. Because monthly 
means were used, the maps describe only the 


broad-scale precipitation features. The same 
method of analysis applied to a finer network 
of stations and to smaller time intervals would 
present a more detailed picture of the pre- 
cipitation patterns and regimes. 









CHANGES IN AN ESKIMO HUNTING TECHNOLOGY, 
AN INTRODUCTION TO IMPLEMENT GEOGRAPHY 


J. SONNENFELD 


University of Delaware 


ECHNOLOGY is integral to practically all 
T man-land-resource relationships which 
are important to geographers. Yet rarely has 
it received from them the systematic study 
commensurate with its significance. _ The 
purpose of this paper is to_introduce_ within 
the broader field of Human Geography a 
subdiscipline called Implement Geography, 
whose focus is primarily_technology.' 

Implement_Geography may be defined as 
the study of the implements, techniques, and 
technologies which man has devised to adapt 
to, exploit, and control his environment. It 
is concerned with the ways in which the many 
factors of environment, society, and economy 
affect the development and application of 
technology, as well as the ways in which tech- 
nology, in turn, affects the environment and 
culture within which it functions. 

The particular study here presented will 
indicate the complexity of relationships that 
can be integrated through a geography so 
oriented toward technology. 


IMPLEMENT EFFICIENCY VS. IMPLEMENT 
EFFECTIVENESS~ 


The abstract idea of environment has little 
meaning for the human geographer who tends 
to view environment primarily in its relation 
to man. Thus, the concept of an environ- 
mental potential can never be absolute since 
it varies according to man’s technology and 


1 Axel Steensberg introduced the term “implement 
geography” along with “implement archaeology” and 
“implement history” in his monograph entitled “An- 
cient Harvesting Implements” (Nationalmuseets 
Skrifter, Arkoeologisk-Historisk Roekke, 1 [Koben- 
havn, 1943], p. 248). In his study, Steensberg was 
concerned primarily with tracing the origin and evolu- 
tion of implement forms, which he considered to be 
“not the outcome of fortuitous inspiration and in- 
fluence .. . [but] the fruits of deliberate endeavours 
at adaption to the natural conditions and the form 
of culture prevailing... .” (Ibid.) 

* Efficiency refers to the capability of the imple- 
ment for certain mechanical functions. That imple- 
ment is most efficient which, under a given set of 
standard operating conditions, best performs its as- 
signed task. Efficiency may be measured in terms of 


“needs.” As these change so does his concept 
of the utility of the environment change. 

In an analogous sense, neither does an im- 
plement have much meaning in the abstract. 
One can determine, for example, its mechani- 
cal efficiency under a set of “standard” operat. 
ing conditions, according to established cri- 
teria appropriate to the specific implement and 
its assigned function; but this efficiency may 
not indicate the effectiveness with which the 
implement can be used under the cultural and 
environmental context of an applied—as op- 
posed to the abstract—field situation. The 
rifle may be more efficient than the bow and 
arrow for hunting; the plow may be more ef- 
ficient than the hoe for tilling; the power 
shovel may be more efficient than the pick and 
shovel for mining. These would appear to be 
obvious examples of implements with contrast- 
ing efficiencies. One might reasonably ques- 
tion, however, whether the differences in ef- 
ficiency so apparent are paralleled by similar 
differences in effectiveness for all field situa- 
tions. 

Many implement types are distributed 
among peoples of a wide variety of cultures 
occupying a wide range of environments. Cur- 
rently the diffusion of the products of a highly 
mechanized Western civilization is proceeding 
at a rapid pace. In all cases, implements 
varying widely in their efficiencies have been 
distributed for use under conditions which 


speed, power, or any of a number of similarly mechan- 
ical criteria, conceived individually or in combination. 
Efficiency is treated as a nonvariable, with a capa- 
bility inherent to, and derived from, the implement as 
a mechanical device, and not from any extraneous 
factors, though it may have been developed in re- 
sponse to these. 

Effectiveness, by comparison, refers to the applica- 
bility of these efficiency criteria to a specific context 
of use; culture and environment are the variables. 
That implement is most effective for a given tas 
which best meets the needs, conditions, or require- 
ments of the specific culture and environment within 
which it is used. Efficiency of the implement is one, 
but not the only, nor necessarily a major determinant 
of effectiveness. Effectiveness is used synonymously 
with “utility.” 
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may be significantly different from those for 
which they were produced. If the context of 
use is important for the effective functioning 
of an implement, then it should follow that the 
greater the deviation from the conditions un- 
der which or for which the implement was de- 
veloped and produced, the greater will be the 
discrepancy between the theoretical efficiency 
of the implement and its actual effectiveness.* 
This does not mean that the introduced imple- 
ment necessarily will be less effective than the 
traditional one that it replaces, or, if it is with- 
out a traditional counterpart, that it will have 
little value. But it does suggest that the bene- 
fits likely to accrue from implement introduc- 
tions or replacements may be less than had 
been expected because of the limitations im- 
posed by an alien context of use. Simply, the 
effectiveness of an implement—its utility—is 
determined by many considerations. The most 
effective implement for a given task will be 
the one that best meets the needs, conditions, 
or requirements of the specific culture and 
environment within which it is to be used. 
Mechanical efficiency is one consideration of 
effectiveness; but, as will be seen, it may not 
be the major one. 

The study that follows is an attempt to ana- 
lyze the efficacy of implement introductions 
and replacements among the Barrow Eskimo, 
a maritime hunting people occupying the 
northernmost zone of settlement in Alaska. 
The Barrow Eskimo have been exposed to 
Western culture for over a century. During 
this time a new technology was introduced 





°The above would appear most applicable when 
the implement diffuses from the economically and/or 
technologically more highly developed group to a less 
developed one. Diffusion in the opposite direction 
commonly involves transmission of the idea rather 
than of the specific implement. An implement adopted 
by a technologically more sophisticated group may 
be altered in the process of adoption and adaptation 
to yield a more efficient implement than the original 
model, one that may be used with greater effective- 
ness than the original in the alien culture and environ- 
ment. But the new model might or might not prove 
more effective for the originating group as well, should 
reverse diffusion occur; effectiveness would now de- 
pend on the new characteristics of the altered imple- 
ment. In its altered form, it is adapted to a new con- 
text of use; the original innovating group, in turn, 
becomes the alien one. In a similar sense, with the 
diffusion of an implement from a more developed 
group to a less developed one, the implement may al- 
%0 be altered to provide, for the adopting group, a 
more effective implement. In the process, however, 











among them, one which, in part, supplemented 
traditional implements and techniques, and, 
in part, rendered traditional technology obso- 
lete. Much of the change occurred during a 
period of economic prosperity; subsequently, 
the Barrow Eskimo experienced, alternately, 
additional prosperity and depression. They 
witnessed the growth and decline, first, of 
commercial whaling, and, in somewhat over- 
lapping succession, trapping and the fur 
trade, an arctic reindeer industry, and, most 
recently, a government sponsored wage econ- 
omy. As if to reflect the insecurity of the alien 
economies in which they were involved, the 
Eskimo have retained much of what was 
traditional, subsistence-wise. Native foods 
have remained the basic foods, native clothing 
the basic clothing, and native transportation 
the basic transportation, though each has re- 
ceived Western embellishments. It is primari- 
ly with hunting technology that this study is 
concemed, and here the change has been con- 
siderable: only the game preferences and the 
hunting environment have remained essential- 
ly the same. 


SUBSISTENCE AND TECHNOLOGIC CHANGE 


The Barrow Eskimo, aboriginally as today, 
were oriented primarily seaward for their 
subsistence, and reasonably so since the sea is 
perhaps the richest ecological zone in the 
arctic. Only the caribou among the land 
mammals was essential to subsistence, pro- 
viding the Eskimo with their major clothing 
material. Marine game resources provided 
most of their other subsistence needs: food, 


the implement may be made less mechanically effici- 
ent than the prototype. Simply, adaptations may be 
made which will render an implement either more or 
less efficient, but there is no necessary direct relation- 
ship between this new level of efficiency and the 
resulting effectiveness with which it will be used. 

One cannot predict the extent to which the idea 
behind the implement, or the implement itself, will 
be altered to suit the purposes of the borrowing group. 
It may be possible, however, to determine not only the 
limitations to the use of the unaltered implement in an 
alien context, but also the kinds of change necessary 
to make the implement a more effective one; or, in 
retrospect, the reasons for the changes made in im- 
plements long since adopted and adapted by an alien 
culture for use in an alien environment. 

A study now in progress makes use of a large body 
of data concerning the utility of agricultural imple-~ 
ments. It will elaborate upon these concepts only 
briefly presented in this introduction. 
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fuel, and a variety of technological materials. 

The whale was probably the most impres- 
sive of all arctic game. Not only was it one of 
the mainstays of Eskimo subsistence, but it 
lent character to many less functional aspects 
of native culture. It provided also the catalyst 
to interaction between the Westerner and the 
Eskimo. The rich whale resource attracted 
the commercial whalers of many nations into 
arctic Alaskan waters, and with the whalers 
came traders. Both had much to offer the 
Eskimo who had furs, ivory, and baleen to 
trade in return. Though the Eskimo tended 
to be conservative in their nonmaterial cul- 
ture, they were eager to accept the material 
goods that the technologically sophisticated 
Westerners were able and willing to offer 
them. Firearms, especially, were spectacu- 
larly different from any of the native weapons, 
and all types were eagerly sought. By the 
turn of the century, most of the native imple- 
ments had been replaced, converted to new 
material and form, or relegated to roles of 
secondary importance. 

Firearms were the most important of the 
introductions to subsistence. These were su- 
perior to the native weapons in killing power 
and effective range, and by Western standards 
were consequently more efficient. However, 
Western standards were not necessarily Eski- 
mo standards; nor was the Western hunting 
environment—even in the arctic—necessarily 
the equivalent of the Eskimo hunting environ- 
ment in its seasonal and ecological emphases. 
Eskimo habit, economy, and environment im- 
posed conditions which, in various ways, 
limited the utility of the alien technology in- 
troduced among them.* 


Changes in the Economy and Technique 
of Whaling 


The whale was one of the most important of 
the game animals hunted by the Barrow Eski- 


4 This study will concern primarily the hunting of 
the whale, seal, and caribou. Though largely a matter 
of selection, other game—walrus, fish, fowl, and the 
smaller land mammals—generally have been less im- 
portant for the Barrow Eskimo than for the Eskimo 
groups further south, along the west and northwest 
coast of Alaska and inland. The effects of a western 
technology on the hunting of these other game, as 
well as for Eskimo subsistence generally, may be 
found in J. Sonnenfeld, “Changes in Subsistence 
Among the Barrow Eskimo,” Ph.D. dissertation, The 
Johns Hopkins University, 1957. 


mo. It yielded enormous quantities of meat 
and blubber, as well as a variety of important 
technological materials: bone, sinew, and 
baleen. However, the hunter's task was 
formidable one: he had to catch an animal 
weighing up to fifty tons, and more, whose 
habitat was a frozen or ice-filled sea. The 
limitations were clearly environment and tech- 
nology. In part, catch varied from year to 
year as ice conditions varied; the ice was hope- 
fully predictable, but not at all controllable. 
In part, catch was also limited by the meager 
hunting equipment of the Eskimo, even ac. 
knowledging theirs to have been one of the 
best developed and environmentally adapted 
of technologies to be found among a primitive 
hunting people. Contact with the West ex- 
erted a major influence on this technology, 

The first commercial whaler sailed through 
Bering Strait in 1848, and other whalers soon 
followed. Within a period of a few years com- 
mercial whaling was being carried on in the 
vicinity of Barrow, and had even extended be- 
yond, north and east, into the Beaufort Sea. 
Whaling in the arctic posed technical prob- 
lems which the whalers attempted to resolve 
with new weapons and techniques. The 
shoulder gun was the first firearm to be used 
regularly in the arctic whale fishery. The 
darting gun, a later development, was more 
specifically adapted to whaling in the polar 
ice. Both, in time, were introduced among 
the Eskimo. The Eskimo whaling technology 
was partly enriched, and partly superseded by 
these new weapons; Eskimo subsistence was 
less clearly affected. 


Native Technique—The harpoon and the 
lance were the major implements used tradi- 
tionally by the Eskimo. The functions of each 
were quite distinct. The harpoon had at- 
tached to it two or three inflated sealskin 
pokes, each with a buoyancy of perhaps two 
hundred to three hundred pounds.’ These 
floats were connected to the harpoon head by 
a rawhide line approximately one hundred 
feet long. Initially they had the function of 
indicating the location of the struck whale 
after it had sounded; the crew could more 
easily follow and continue to harass the whale 


5 Vilhjalmur Stefansson, Arctic Manual (New York: 
Macmillan Company, 1944), p. 102. 
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with harpoons and additional floats. The 
harpoon was not expected to kill, for the whale 
was too well protected by its thick skin and 
blubber covering. However, by toggling’ in 
the wound, the harpoon did ensure that the 
floats were well-attached, and these might 
number as many as twenty. Ultimately, the 
floats had the function of slowing the whale, 
frustrating it in its effort to escape. 

As the whale tired and the Eskimo could 
safely approach alongside, the lancer began 
his work. The weapon he used was some 
twelve feet long, and tipped with a razor- 
edged flint blade. First the lancer severed 
the tendons controlling the flukes; this pre- 
vented the whale from sounding. He then 
probed deeply into the whale with his lance. 
As it pierced a vital organ, or punctured a 
major blood vessel, the Eskimo crew retreated, 
and the whale went into its death flurry. The 
whale then had only to be hauled to the ice, 
landed, and butchered, at times as formidable 
a task as the chase that preceded it.® 

New Weapons.—ldeally, the darting gun 
duplicated the function of the traditional har- 
poon, since the floats were retained as integral 
to the darting gun harpoon.'® But, in addi- 


6 Both American and European whalers traditionally 
held to the harpoon line, and were dragged along be- 
hind the whale after it was struck. The Eskimo, more 
experienced in arctic waters, preferred to let the 
whale drag inflated seal-skin pokes instead. If less a 
hindrance to the whale, this was considerably safer in 
an ice-filled sea. 

™The toggle principle was not introduced into an 
American whaling harpoon until the development of 
the “Temple Iron,” in 1848. See Sidney Kaplan, 
“Lewis Temple and the Hunting of the Whale,” New 
England Quarterly, Vol. 26, No. 1 (March 1953), pp. 
78-88. 

$John Murdoch, “Ethnological Results of the Point 
Barrow Expedition,” Ninth Annual Report of the 
Bureau of Ethnology, 1887-88 (Washington, 1892), 
pp. 240-1; Charles D. Brower, Fifty Years Below Zero 
“ey York: Dodd, Mead, and Company, 1942), 
p. 48. 

* This is obviously a much generalized and perhaps 
over-simplified version of native whaling. For an ac- 
count of Eskimo whaling at Tigara—Point Hope— 
according to traditional ritual and technology, see 
Brower, op. cit., pp. 45-52. 

“The darting gun harpoon is mounted alongside 
the gun barrel. When darted at the whale, a steel 
rod alongside the harpoon and connected to the trig- 
ger is depressed, setting off the cartridge that fires the 
bomb. A time fuse permits the bomb to penetrate 
deeply before exploding. The harpoon remains with 
the whale; the gun portion detaches itself, is re- 
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tion, the darting gun discharged an explosive 
missile which, if well-placed, was able to kill 
the whale outright, or so maim it as to make 
unnecessary the long and potentially danger- 
ous chase which had been essential aboriginal- 
ly. It was precisely for this reason—though 
for the commercial whalers—that the darting 
gun had been developed. Without question, 
the darting gun was more effective as well as 
more efficient than the traditional harpoon it 
replaced for this initial act of harpooning. 

The shoulder gun was less specifically de- 
signed for arctic whaling, but it, too, proved 
its worth to the arctic whaler. It was most ef- 
fectively used after harpooning, when, as was 
common, the whale was not instantly killed by 
the darting gun. The shoulder gun, in effect, 
replaced the lance, and in this role was also 
more efficient and effective than the tradi- 
tional implement; a quick kill reduced the 
need for close contact with the whale when it 
could be most dangerous. 

These additions to Eskimo whaling tech- 
nology—the shoulder and darting guns—pro- 
vided considerable advantage to the Eskimo. 
But they were not decisive for ensuring suc- 
cess in whaling. The main problems have 
been a result either of misuse, or excessive and 
wasteful use, and almost all involve the 
shoulder gun primarily. Miscalculation of 
distance or unconcern with firing range is one 
example. The traditional harpoon and the 
darting gun had only slightly more than 
thrusting range. By comparison, the shoulder 
gun could fire its missile a hundred feet or 
more, but was effective only at distances up 
to about fifty feet, though commercial whalers 
differed slightly in what they considered its 
effective range.'' A quick kill by a single 


trieved, refitted with harpoon and bomb, and _ is 
again ready for use. For more detailed description of 
the darting gun see James T. Brown, “The Whalemen, 
Vessels and Boats, Apparatus, and Methods of the 
Whale Fishery,” in The Fisheries and Fishery In- 
dustries of the United States by G. Brown Goode and 
associates, Section V, Vol. II, Mis. Doc. 124, Pt. 6, 
(Washington, 1887), pp. 254-55. 

11 See Brown, op. cit., pp. 267-68. According to 
Murdoch (op. cit., p. 235) the traditional harpoon was 
a thrusting and not a throwing harpoon. Similarly, 
the darting harpoon was used mainly as a thrusting 
weapon, though, according to Brown (op. cit., p. 
264), it was effectively used by commercial whalers at 
ranges from thrusting distance to 16-18 feet, the maxi- 
mum effective range being about 25 feet. 
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bomb fired from the shoulder gun was con- 
sidered likely only at the shorter ranges, per- 
haps twenty-five feet or less. In disregard of 
such limitation, the Eskimo stationed along 
the edge of the ice often were impelled to fire 
at whales swimming beyond the range of the 
harpoon—which, with its attached floats, was 
normally to have been used first—if not also 
beyond the effective range of the shoulder 
gun.’* As a result, the whale became a more 
difficult quarry for other crews waiting furth- 
er along the lead edge of the ice, and a pos- 
sible loss to subsistence. If the Eskimo missed 
the whale, the percussion of the bomb explod- 
ing under water dispersed close running 
whales, which fled either to the safety of the 
pack ice on the opposite side of the lead, or to 
more open water,'* and generally beyond the 
range of the Eskimo crews. Unlike the com- 
mercial whalers who cruised along the 
lead actively seeking out the whales, the Eski- 
mo traditionally awaited them from the ice, 
and normally did not take to water until after 
the whale had been sighted or struck. If the 
whale was hit but only slightly wounded, it 
might be even more difficult to approach and 
kill. Informants suggested that while a single 
bomb might be sufficient to kill a large whale, 
a dozen or more might be needed even for a 
small whale. The first shot was critical. The 
whale was apparently so stimulated by the 
shock of a poor shot as to require considerable 
additional “killing,” generally far out of pro- 
portion to the “killing power” of the bombs 
used. This shortcoming of the shoulder gun 
was recognized by the commercial whalers, 
who always included, as part of the whale boat 
equipment, three lances to be used in cases 
of necessity.'* The less practical Eskimo lost 
an occasional whale because, having run out of 
ammunition, they lacked the ability or means 
to complete the kill. Without the lance or an 
equivalent weapon,'* they could only abandon 


12 Murdoch, op. cit., p. 273. 

13 See Rudolph M. Anderson, “Report of the Natural 
History Collections of the Expedition,” in My Life 
With the Eskimo, by Vilhjalmur Stefansson (New 
York: Macmillan Company, 1913), p. 498. 

' Brown, op. cit., p. 252. These lances were of 


iron and steel, but of similar function to the Eskimo 
stone-tipped lance. 

1° 7T was told at Wainwright that in 1942 a cutting 
spade normally employed for butchering was used 
successfully to kill a whale, after the crew_had run 
out of “bombs” for its whaling guns. 








the whale, and hope that if and when it died 
of its wounds, it would come to rest in some 
place accessible to them, even though it might 
be in a state suggested by the name accorded 
such a find, “a stinker.” 

The loss of whales resulting from misuse 
might not have offset the increased catches 
made possible by the whaling guns, but the 
economic consequences of the Eskimo’s de- 
pendence on the new weapons to the complete 
exclusion of the traditional ones, proved to be 
perhaps more significant. The implications of 
this dependence became apparent shortly after 
the turn of the century, as commercial whaling 
in the Alaskan arctic came to an abrupt end. 
Costs of ammunition'® and weapons had been 
of little concern during the height of com- 
mercial whaling activity, for a single whale 
might be worth as much as $10,000 for its 
baleen alone. Even after the decline in mar- 
kets, the importance of the whale to subsist- 
ence and the prestige of the hunt were suf- 
ficient to encourage continued participation 
in whaling. But the cost of the necessary am- 
munition and other supplies made participa- 
tion expensive, and in cases prohibitive." 
There was no longer any traditional tech- 
nology to fall back on, since the old tech- 
niques had lapsed through disuse. In time, the 
number of crews able to participate in whaling 
came to be limited by the number of boat 
leaders able to raise the funds to support such 
a venture.'* An equivalent situation could not 
have developed aboriginally. 

Catch records should provide the ultimate 
indication of the effectiveness of the darting 
and shoulder guns for whaling. Simpson has 
the only data available for catch under tradi- 
tional practices. According to his report of 
1852-3, seventeen whales were killed in 1852, 


16 Brown, op. cit., p. 255. 

17 During the late 1930’s each bomb cost from $5 
to $8; in 1954 the cost was $15 per bomb. 

18 In 1954, the cost was estimated to be about $300, 
a large portion of which went for the purchase of 
bombs for the whaling guns. For the past decade, 
this cost has not been of any major importance as 4 
deterrent to whaling, since wages from defense con- 
struction and other employment have made ample 
funds available. One might consider, however, the 
implications of a dependence on shoulder and darting 
guns to the exclusion of the traditional weapons, when, 
with the continued developments in commercia 
whaling technology, there can be no assurance that 
the required ammunition will continue to be available. 
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and seven (“mostly small ones”) the following 

ear; 1852 was considered a very successful 

season, While 1853 was considered extremely 
r, verging on disaster.’ 

Murdoch, who was at Barrow from 1881 to 
1883, listed catches of one small whale in 1882, 
and of one large whale in 1883, “though several 
were struck and lost each season.”*” At the 
time of Murdoch’s residence at Barrow, a few 
of the Eskimo had already obtained shoulder 
guns,”! though not yet darting guns. Murdoch 
later received reports, after his departure from 
Barrow, of seasonal catches of ten whales, and 
of twenty-eight (“seven full grown”), the lat- 
ter in 1885.°* 

Data for the years 1928-54 (see Fig. 1),** 
show widely varying catches for a more ex- 
tended period, during which whaling guns 
were used exclusively. The whale population 
undoubtedly had been reduced as a result of 
a half-century of depredations by commercial 
whalers. The extent of this reduction is un- 
certain, however, since the end of commercial 
whaling in the Alaskan arctic was related more 
specifically to the loss in markets for whale 
products than it was to a scarcity of whales.** 
And if whales had been depleted, evidence 


y 


19John Simpson, “Observations on the Western 
Eskimo and the Country they inhabit; from notes taken 
during two years at Pt. Barrow, by Mr. John Simpson, 
Surgeon, R. N., Her Majesty's Discovery Ship 
‘Plover’”, British Sessional Papers, House of Com- 
mons, 1854-5, Vol. 35, p. 935. Simpson’s study was 
made during the first extended visit by “white men” 
among or in the vicinity of the Barrow Eskimo. 
Simpson was a member of a party stationed at Point 
Barrow to assist in the search for the lost Sir John 
Franklin and his expedition. The first northward 
passage of a commercial whaler through Bering Strait 
occurred in 1848; the first arrival of commercial 
whalers into the Barrow-Beaufort Sea area was in 
1854, an accomplishment which was aided by informa- 
tion provided by the Franklin search expedition. 

*° Murdoch, op. cit., p. 276. 

*t Murdoch, op. cit., pp. 240, 273; also see foot- 
note 22. 

*° Brower, in his autobiography, Fifty Years Below 
Zero, mentions the lack of success of the first of the 
commercial shore whalers at Barrow, during the spring 
of 1885. These entrepreneurs, equipped with the 
most modern of contrivances, including shoulder and 
darting guns, lost the only whale they were able to 
kill, while, at the same time, the Eskimo caught “six 
big ones with nothing but old-fashioned harpoons and 
lances.” Brower, op. cit., p. 70. 

* Compiled by David Brower, of Barrow, from 
family records in his possession. 

*t See Brower, op. cit., p. 242; Stefansson, My Life 
With the Eskimo, op. cit., p. 119. 
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suggests that by 1920 they had again become 
abundant in arctic waters.*’ The data are in- 
conclusive, but there is little to indicate that 
the whaling guns were able to reduce the wide 
fluctuations in annual catch which were so 
much of a problem for aboriginal subsistence, 
a phenomenon largely related to variability in 


ice conditions. Simpson’s report, character- 
izing a year with a catch of only seven whales 
as “verging on disaster,” might almost suggest 
the opposite. 

The killing power of the darting and 
shoulder guns was considerably greater than 
that of the traditional weapons they replaced, 
and the new weapons, themselves, were ideal- 
ly suited for arctic whaling. But in retrospect, 
this greater efficiency would not have been a 
reliable indicator for predicting the effective- 
ness with which they would be used by the 
Barrow Eskimo.”° 


Sealing 


Though seal hunting was accompanied by 
less ritual, and afforded the Eskimo less pres- 
tige than did the whale, it may be considered 
more basic to Eskimo subsistence. The seal 
provided essentially the same products as the 
whale, and it varied less from year to year, 
both in its numbers and accessibility. In ad- 
dition, the whale and the walrus, caribou, and, 
with a few exceptions, the fish and fowl were 
migrants seasonally absent, so that for a part 
of the winter seal were almost the only game 
available in the Barrow area. 


25 See Alfred M. Bailey and Russel W. Hendee, 
“Notes on the Mammals of Northwestern Alaska,” 
Journal of Mammalogy, Vol. 7, No. 1 (1926), p. 26. 
Bailey and Hendee, who whaled with the Eskimo at 
Wainwright, some 100 miles southwest of Barrow, re- 
lated that “Jim Allen, who has been hunting them 
[the whales] for twenty-five years, declares they saw 
more whales during 1922 than he had ever seen be- 
fore.” Rainey, about two decades later, corroborates 
reports of abundant whales, off Point Hope. F. 
Rainey, “Eskimo Method of Capturing Bowhead 
Whales,” Journal of Mammalogy, Vol. 21 (1940), p. 
362. 

°6 Tronically, a group of Maori, who only within 
historic times have learned the art of whaling, were 
having a success uncommon among Eskimo even in 
the best of their days, and this not with shoulder and 
darting gun, but with the harpoons and lances of the 
early commercial whalers from whom they learned 
their craft. See W. H. Dawbin, “The Maori Went-a- 
whaling,” Pacific Discovery, Vol. VII, No. 4 (July- 
August 1954), pp. 19-22. 
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Fic. 1. Whales Killed Annually at Barrow, Alaska, 1852 to 1954. Data for 1852 and 1853 are from John 
Simpson, “Observations on the Western Eskimo and the Country they inhabit; . . . , British Sessional Papers, 
House of Commons, 1854-5, Vol. 35, p. 935. Figures for 1882 and 1883 were obtained by Murdoch during 
his residence at Barrow and the 1885 catch total was related to him later by Capt. E. E. Smith. John 
Murdoch, “Ethnological Results of the Point Barrow Expedition,” Ninth Annual Report of the Bureau of 
Ethnology, 1887-88 (Washington, 1892), p. 276. David Brower of Barrow compiled the data for the period 


1928-54 from family records. 


The importance of the seal to the Eskimo is 
indicated clearly by the high development of 
technique and implement that it engendered 
aboriginally. Techniques varied, generally to 
accord with the seasonal differences in seal 
habits and ice conditions. Maupok hunting 
(at the seal’s breathing hole) was common 
during the winter when the coastal sea area 
was completely frozen over. Utok hunting 
(surface stalking) was more important during 
the late spring and early summer when the 
seal often lay on the surface of the ice. 

The seal was also hunted in open water: in 
large cracks and broad pools that formed in 
the ice; in the occasional lead that opened dur- 
ing the early winter and spring; and in the 
loose and drifting pack of summer. In addi- 
tion, nets were employed—and very produc- 
tively so—during winter and spring, when ice 
and weather conditions permitted. 

The rifle came into use for all except net- 
ting. It proved of varying effectiveness in re- 
placing the traditional implements. 





Maupok Hunting.—During the arctic fall 
and winter, when the sea is completely frozen 
over, the seal constructs and maintains breath- 
ing holes through the ice, as many as a dozen 
over an area of several acres.2* To reach the 
seal, the Eskimo had devised a special har- 
poon. It had a narrow foreshaft capable of 
clearing the small opening at the surface of 
the ice, which was generally only an inch or 
two in diameter. The hunter stationed himself 
above one of these holes, and, with infinite 
patience, awaited some indication that the seal 
had surfaced. The range was perhaps three 
feet—slightly more than thrusting range. Un- 
like the harpoon for whaling, the seal harpoon 
was a retrieving harpoon. A line attached to 
the harpoon head was retained by the hunter. 
When the seal was harpooned, the shaft work- 
ed loose from the ivory head, which subse- 
quently toggled in the wound. If the seal was 
not instantly killed, it could still be played to 
the surface. This was the harpoon which 


27 Stefansson, Arctic Manual, op. cit., pp. 448-50. 
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Murdoch?* and Jenness*® maintained would 
not likely be replaced by the rifle, so well- 
adapted was it for its task. 

The maupok harpoon, in fact, was used for 
some decades after the rifle had become com- 
mon for other forms of sealing. The trend to- 
ward firearms prevailed, however, and, reason- 
ably or not, the maupok harpoon was also re- 
placed; it was relegated to the role of a re- 
triever. 

The greater range and killing power of the 
rifle proved of little or no consequence. In 
common with the harpoon, the rifle bullet was 
liable to deflection by the ice surrounding the 
breathing hole. And the rifle had the added 
disadvantage that unless the seal was killed 
instantly, it might withdraw from its breathing 
hole before the hunter could wield his har- 
poon. During the early fall, when the sea ice 
was relatively thin and the breathing holes 
were shallow, even a dead seal might be car- 
ried away by the subsurface currents before it 
could be harpooned.*® 

The efficiency of the rifle lay in its killing 
power and range. Range was unimportant for 
maupok sealing; and killing power by itself 
was insufficient to insure a catch. It could be 
argued that the rifle was neither as efficient 
nor as effective as the traditional harpoon that 
it replaced. 


Utok Hunting.—Utok hunting was probably 
as time consuming as maupok hunting, but less 
trying and usually more productive. The 
maupok hunter had first to find a seal hole 
which might barely be visible at the surface; 
and then, since this was only one vf iaany that 
the seal might use, he had to wait quietly, pos- 
sibly for hours, until the seal appeared. By 
contrast, the utok hunter ranged widely, found 
his quarry easily visible on the surface of the 
ice, and generally in greater numbers than 
available to the maupok hunter. His only 
problem was that of approach. 

The harpoon used in utok sealing was de- 
signed for throwing rather than for thrusting. 
Its effective range was probably not more than 
about twenty-five feet, which demanded con- 
siderable stalking skill of the Eskimo. The 


ee 


* Murdoch, op. cit., p. 53. 
*Diamond Jenness, “The Eskimo of Northern 
: A Study in the Effect of Civilization,” 
Geographical Review, Vol. 18 (1928), p. 93. 
* Murdoch, op. cit., p. 269. 
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seal was never far from water; it commonly 
rested at the head of a glazed ramp to facili- 
tate a rapid escape should it sense any danger. 
The precautions the seal took were to protect 
it from the polar bear; but they served as well 
to protect it from the hunter. 

The care and time required for a successful 
stalk varied with the ice topography. Accord- 
ing to Stefansson,*! a hunter could approach 
to within about 300 yards of the seal without 
taking any special precautions, the distance 
varying according to the facility with which 
ice topography permitted and concealed a 
closer approach. Light colored clothing cam- 
ouflaged the hunter against an ice and cloud 
background, and facilitated a rapid approach 
from a distant position. On flat ice, dark 
clothing permitted the Eskimo to imitate the 
seal, allowing a closer, but slower, approach.** 
By mimicking the seal’s movements, and by 
timing his advance to accord with the seal’s 
“napping schedule,”** the hunter could ap- 
proach to within ten feet. Instances were re- 
lated in which the especially skillful stalker 
was able to approach close enough to kill the 
seal by smashing its skull with his fist. Stefans- 
son, with his insight into seal behavior, ex- 
plained the psychology of such an approach: 


[The seal] not only does not fear [the hunter] 
but even appears to rely on [him]. It is as if 
he said to himself: “Over there is a brother 
seal, and if a bear approaches from that side 
he will get him before he gets me. So I can 
afford to leave that quarter unwatched.”34 


Though the stalking technique was highly 
developed, it was time consuming. When the 
rifle replaced the traditional harpoon, its much 
greater range considerably reduced the time 
needed for the stalk. According to Stefansson, 
the harpoon was used at a distance of from 
ten to twenty feet, while the rifle was effective 
up to about 75 yards.** As a consequence of 
the saving in time, a larger area could be 
hunted and the catch proportionately in- 
creased. 

Under certain conditions, the rifle has 

31 Stefansson, Arctic Manual, op. cit., pp. 452-54. 

82 The movement of any white object was likely to 
be taken or mistaken for a polar bear by the poor- 
sighted seal, causing it to panic and escape. 

88 See Stefansson, My Life With the Eskimo, op. 
cit., pp. 108-09. 

34 Stefansson, Arctic Manual, op. cit., pp. 453-54. 

85 Ibid. p. 454, 
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proved to be spectacularly more effective than 
the harpoon. Seals are often found grouped 
around a pool or crack in the ice. The primi- 
tive hunter could not easily kill a seal with- 
out a struggle, and this was usually sufficient 
to panic other seals within sight. However, 
the hunter using a rifle may conceivably kill 
all, if he can kill each seal outright. The hunt- 
er is aided not only by the seal’s poor vision, 
but also by its inability to recognize gunfire. 
The crack of a rifle shot appears to be ac- 
cepted without apprehension, perhaps sug- 
gesting to the seal the normal sound of crack- 
ing ice. 

The major disadvantage of the rifle for utok 
sealing is that it does not simultaneously pro- 
vide the retrieving action which was an in- 
tegral function of the harpoon, a problem simi- 
lar to that mentioned for maupok hunting. As 
a result, losses have increased at the same 
time that kills have increased. If a seal is not 
killed instantly, or completely incapacitated, 
the chance for retrieving it becomes a function 
of the speed with which the hunter can reach 
the stricken animal in relation to the time re- 
quired for the seal to escape. And here, ob- 
viously, the greater range of the rifle works to 
the disadvantage of the hunter. The farther 
he is from his quarry, the less likely is a killing 
shot, and the farther he has to run to retrieve a 
wounded seal. Leffingwell, in his study of 
the Canning River region east of Barrow, esti- 
mated that “the natives wound ten seals for 
each one they secure as a result of poor marks- 
manship.”** While poor marksmanship may 
have been a major cause for these losses, lit- 


tle is required for even a seriously wounded / 


seal to escape down a slippery incline to water. 

Various devices have been developed to 
overcome this deficiency of the rifle;** the 
original or traditional harpoon itself, with 
modifications, has been retained as a supple- 
mentary retrieving implement. The efficiency 
of these retrievers is largely determined by 
season and area of kill. In winter and early 
spring, a dead seal will float and is easily re- 
trieved. During the warm season, however, 
a dead seal may sink beyond the range of the 
retriever. The seal has less blubber in the 


% Ernest De K. Leffingwell, The Canning River 
Region of Northern Alaska, U. S. G. S. Professionai 
Paper No. 109 (1919), p. 64. 

87 See Sonnenfeld, op. cit., pp. 379-84. 


warm season and thus is less buoyant, while 
the salinity of the sea is also reduced at this 
time by the addition of meltwater. Generally 
the thickness of the ice, the limitations of the 
small openings in the ice through which the 
retriever is operated, and the presence of sub- 
surface currents make it difficult for the hunt. 
er to retrieve a wounded or sinking seal. The 
chances are better for retrieving seals from the 
larger pools or cracks near shore, where the 
water is relatively shallow; but the time re- 
quired may not be justified when the hunter 
could be hunting other seals, and usually with 
a greater likelihood for success. 

For the hunting of swimming seals from the 
ice or from a boat, the use of the rifle has ad- 
vantages and disadvantages similar to those 

mentioned for utok hunting. The added range 
of the rifle is a decided advantage; but since 
the seal is in its own element, the hunter has 
greater problems in retrieving his catch. 
{ In summary, the rifle has proved to be most 
‘useful to the utok hunter, increasing his 
range, and thus reducing the time required for 
stalking. However, the loss of wounded seals 
\ has increased because of difficulties in re- 
trieving. If the amount of catch increase has 
ot been proportional to the superiority of the 
lrifle over the harpoon in range and killing 
‘power, it is in large part because the harpoon 
provided a retrieving function lacking in the 
rifle. The effectiveness of the harpoon was 
related more to the stalking skill of the hunter 
'than it was to its mechanical efficiency as a 
weapon. However, neither the efficiency of 
the harpoon nor the skill required for success 
with the rifle need be underestimated. 


Caribou Hunting 


The caribou was an important supplement 
to aboriginal subsistence. It provided the Es- 
kimo with a variety of food items; skins for 
clothing, tentage, and bedding; sinew for 
sewing and technology; and antler for imple- 
ments. For the coastal Eskimo, the skin was 
the most important of these; it was their major 
clothing material, with qualities that could not 
be duplicated by the skins provided by the sea 
game. 

Several techniques were used for hunting 
the caribou. Herds were driven into rivers, 
lakes, corrals, or wherever hunters could pre- 
pare an ambush. Individual caribou and the 
smaller herds were also stalked on the open 
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range. In addition, snares were used in sum- 
mer and snow traps in winter to supplement 
the catch for those engaged in other activities. 

The major meat hunting took place in the 
late winter-early spring as the caribou mi- 
grated north toward the arctic coast, and again 
the following fall as the caribou were on their 
way south. Hunting during these periods of 
migration was characterized by careful plan- 
ning, with many hunters, even whole villages, 
cooperating.** This was an especially critical 
hunting for the inland Eskimo, who depended 
on the caribou for their basic subsistence. 

The more important hunting for the coastal 
Eskimo was during the late summer and early 
fall, when the caribou skin was in its prime; 
then the hair was of proper length and the 
hide of the proper thickness for making much 
of the Eskimo’s clothing and footwear.®® At 
this time the caribou were dispersed over the 
tundra, singly and in small herds. In contrast 
to the cooperative hunting which prevailed 
during the spring and fall caribou migrations, 
summer hunting tended to be more of an in- 
dividual activity, or a joint venture on the part 
of only a few families. Not only were the 
caribou dispersed, but the Eskimo, too, were 
occupied with other activities during this 
season: some hunted walrus along the coast; 
some could be found at scattered fishing 
camps along the inland rivers; some were on 
their way to or from the native trading centers 
along the coast east of Barrow. During the 
summer season, too, travel on the tundra was 
at its worst; extensive bogs and hummocky 
ground made all but river travel a tedious 
chore. Even the rivers, broadly meandering, 
sluggish, and shallow, left much to be desired 
for the hunter who was more adept at winter 
travel with dog and sled, to which there were 
few effective barriers. These warm season 





See H. Ostermann, “The Alaskan Eskimo: as 
described in the posthumous notes of Dr. Knud Ras- 
mussen,” Report of the Fifth Thule Expedition of 
1921-24, Vol. X, No. 3 (Copenhagen, 1952), pp. 33- 
34; Vilhjalmur Stefansson, “The Stefansson-Anderson 
Arctic Expedition of the American Museum: Pre- 
liminary Ethnological Report,” Anthropological Papers 
of the American Museum of Natural History, Vol. 
XIV, Part I (1914), pp. 385-86; Robert Rausch, 
“Notes on the Nunamiut Eskimo and Animals of 
Anaktuvuk Pass Region, Brooks Range, Alaska,” Arc- 
tic, Vol. 4, No. 3 (December 1951), pp. 190-92. 

ong Stefansson, My Life With the Eskimo, op. cit., 
Pp. b 
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conditions—scattered herds, dispersed Eski- 
mo, and difficult travel—made the weapon 
and skillful stalking all the more important for 
caribou hunting. 

The main weapon used by the Barrow Eski- 
mo for their stalking-hunting was the bow and 
arrow. It was not an impotent weapon. 
Stefansson related that members of his party 
had seen arrows, which had been released 
from a range of from thirty to fifty yards, 
“pass through the thorax and abdomen of an 
adult caribou and fly several yards beyond.”*° 
And if the arrow lacked killing power at great- 
er distances, its stopping power was consider- 
able: “Every movement of the body causes 
pain and tends to increase bleeding. . . . The 
caribou will lie down ... . and thus give a 
chance for a second shot.”*! For the killing 
of deer driven into enclosures or water, and for 
those caught in snares and snow pits, spears 
and even knives supplemented the bow and 
arrow. 

By the end of the 19th century, the native 
weapons had given way completely to the 
rifle. For the hunter who stalked his game, 
the rifle was unquestionably superior to the 
bow and arrow. For other forms of caribou 
hunting, the effectiveness of the rifle over the 
traditional implements and techniques was less 
obvious. To kill caribou caught in snares and 
snow pits, or driven into water, the added 
range and killing power of the rifle were of 
little or no consequence. It becomes apparent 
that, as in sealing, the utility of the rifle varied 
according to hunting practice. Even where it 
was most effective, however, the rifle could 
and did have repercussions detrimental to 
both the caribou resource and Eskimo subsis- 
tence. 


Hunter Preferences and Hunting Pressures. 
—During the summer and fall hunting there 
was slightly increased pressure on the females 
and fawns, for, generally, these were consider- 
ed to provide the finer clothing skins.*? With 





4° Stefansson, “The Stefansson-Anderson Arctic Ex- 
pedition ... ,” op. cit., p. 96. 

41 Tbid. 

*2 Brower, in his diary, makes note of the pressure 
on the female during the fall(?) hunting, and of 
pressure on the young fawns during the early sum- 
mer. Charles D. Brower, Diary of Charles Brower, 
1886-1945, p. 33 (photostat copy in the library of 
the U. S. National Museum, Washington). See also 
Stefansson, Arctic Manual, op. cit., pp. 248-49. 
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the approach of the rutting season in the fall, 
the females and fawns also yielded the more 
palatable meat. Not only was the bull's flesh 
likely to be strongly flavored, but the exer- 
tions of rutting also reduced its store of body 
fat.*8 Under traditional techniques of capture, 
this preference was of little significance. But 
with the greater selectivity provided by the 
rifle, the consequent imbalance in hunting 
pressure became more pronounced, with ef- 
fects on herd numbers and reproductive po- 
tential beyond that imposed by a greater total 
kill.# 

Had aboriginal demands remained un- 
changed, smaller winter catches might have 
tempered this summer imbalance. The winter 
hunting was for meat rather than for skins, 
and during the winter the bull was generally 
a better catch than the female; the female in 
calf lost fat continually from the onset of 
winter until after calving in the spring. Thus 
pressures during the winter would have been 
the reverse of summer pressures, had there 
also developed, as appeared to be the trend, a 
change in winter hunting technique. The 
hunter who was equipped only with bow and 
arrow and hand weapons could not expect to 
kill more than a small portion of any herd he 
might be able to approach. This was a pri- 
mary reason for the cooperative hunts which 
resulted, commonly, in the slaughter of whole 
herds without regard to sex or age. With the 
introduction of the rifle, such cooperation, 
which also entailed the sharing of catch, ap- 
peared to be less necessary. The result was 
fewer and smaller cooperating groups of 
hunters,*® and a more individual and selective 





43 See Stefansson, Arctic Manual, op. cit., pp. 81-83, 
for the fat schedule of the sexes as discussed in this 
section. 

Total kill, itself, was impressive. Nelson, who 
visited Barrow in 1881, was told that “one old man 
and his son . . . had nearly five hundred skins in 
storage, and others had an abundance of them.” 
(Edward W. Nelson, “The Eskimo About Bering 
Strait,” 18th Annual Report of the Bureau of Ameri- 
can Ethnology, 1896-97, Part I. Washington, 1899, 
p. 119.) Aboriginally, caribou skins were an import 
item for the Barrow Eskimo (see Simpson, op. cit., 
p. 937). 

* In part, smaller cooperating groups resulted from 
the depopulation of the inland areas. The occasional 
ravages of introduced disease, as well as the migra- 
tion of inland Eskimo to booming coastal settlements, 
reduced the number of Eskimo who traditionally were 
integral to the large communal drives. 














June 


stalking-hunting. And since there was 4 
greater preference for the fatter male during 
the winter, a selective pressure to the advan. 
tage of the females, as well as a smaller total 
kill, might have resulted. 

However, concomitant changes in demand 
precluded the development of such bal. 
ance, even had it been possible. After 
1890, the commercial whalers began to winter 
in the Arctic.4® Fresh meat was needed to 
supplement ship supplies, while skins were re- 
quired for winter clothing for the crews. The 
Eskimo had virtually an assured market. So 
effective were they as hunters, and so well- 
supplied were they with rifles and ammuni- 
tion, that within a period of perhaps two dec- 
ades,*? the caribou were practically eliminated 
from the arctic slope of Alaska and adjoining 
parts of Canada.** With this additional pres- 
sure, the caribeu were unable to replenish 
their numbers rapidly enough to satisfy both 
hunters and natural predators whose require- 
ments remained undiminished. 

The introduction of domestic reindeer into 
Alaska from 1892 to 1902, and at Barrow just 
before the turn of the century,*® acted further 


46 New whaling grounds had been discovered near 
the Mackenzie River area, and this took the whalers 
farther from the safety of open water. By remain- 
ing in the Arctic during the winter considerable time 
was saved for both summer and fall whaling; the 
whales normally migrated poleward prior to the break- 
up of ice, and could remain longer in the north than 
was safe for vessels not wintering. See Hartson H. 
Bodfish, Chasing the Bowhead (Cambridge: Harvard 
University Press, 1936), p. 121. 

47 Note the rapidity of change, from abundance to 
scarcity, suggested by Leffingwell, op. cit., p. 63, and 
Anderson, op. cit., p. 502. 

48 Though there is evidence of excessive slaughter 
of caribou before the commercial whalers began to 
winter in the arctic (see footnote 44), the slaughters 
encouraged by wintering whalers were clearly destruc- 
tive in their proportion. As an example Stefansson 
relates (Vilhjalmur Stefansson, “Northern Alaska in 
Winter,” Bulletin of the American Geographical So- 
ciety, Vol. 41 [1909], p. 607) that the “whalers at 
Herschel Island one winter bought 40,000 lbs. of 
caribou meat, and they bought hams only. No ac- 
count was taken of the meat eaten by the dog teams 
in the process of hauling to the ships (seven to 
twelve dogs to the team, the round trip sometimes 
taking twenty days). These dogs were also fed 
chiefly on hams.” 

4° The reindeer program was engendered by the ex- 
cessive depletions, in coastal Alaska, of the walrus and 
other game important for Eskimo subsistence. Here, 
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to the detriment of the caribou, which other- 
wise might have been expected to increase in 
numbers as commercial whaling virtually 
came to an end by 1910.5° 

In summary, the rifle affected the hunting of 
caribou more drastically than it did the hunt- 
ing of other game. Though initially the Bar- 
row Eskimo, were able to become more self- 
sufficient in clothing skins, increased demands 
and excessive predations caused the depletion 
of caribou in arctic Alaska. The selective pres- 
sures exerted probably made this decrease in 
caribou numbers more severe and abrupt than 
it would have been otherwise. 

In part, the rifle proved of little or no 
advantage over the traditional implements and 
techniques it replaced. The large-scale co- 
operative drives, use of snares, and snow pits 
all lapsed into premature obsolescence. How- 
ever, the rifle proved a spectacular success for 
stalking-hunting, and this became more prev- 
alent during all seasons. The hunting habits, 
attitudes, and expectations of the Eskimo had 
been conditioned by their technology. The 
traditional hunting technology established the 
limit for subsistence as much as did the en- 
vironment. As technology changed and im- 
proved with the introduction of firearms, the 
limit became instead an environmental one. 
In a sense the rifle was too efficient, which in 
the long run made it less effective for those 
hunters unable or unwilling to consider the 
consequences of overpredation. 


OTHER FACTORS AFFECTING THE UTILITY OF 
INTRODUCED WEAPONS 


The speed with which new implements are 
adopted, and the effectiveness with which 
they are used, may only in part be related to 
their inherent mechanical efficiency. For the 
first, tradition may determine under what con- 
ditions and how rapidly a new weapon will be 
adopted into a primitive technology. One 





too, the rifle and increased market demand were 
responsible for over-predation. See J. Sonnenfeld, 
“Growth and Decline of an Arctic Reindeer Industry,” 
Geographical Review, Vol. XLIX, No. 1 (January 
1959), pp. 76-8. 

In a period of approximately thirty-five years, 
the 125 reindeer which initially made up the Barrow 
herd increased to some 30,000 head (Sonnenfeld, 
ibid, p. 84). Such an increase suggests that lesser 
hunting pressures on caribou might have resulted in 
significant and rapid if not equivalent increases. 
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would normally expect that the more pre- 
carious the subsistence, the more enthusiastic 
would be the reception of new and promising 


implements and techniques. One familiar 
with ethnographic literature might also expect, 
however, that when ritual and superstition are 
involved, with an intensity perhaps inversely 
proportional to security of subsistence, pre- 
cariousness or uncertainty of subsistence may 
in fact inhibit change. 

At Barrow, the Eskimo vacillated between 
the traditional and the nontraditional weapons 
in only a few cases. Perhaps the most critical 
was whaling, the activity with which the great- 
est ceremony and superstition were associated 
aboriginally.“! The shoulder and darting 
guns, however, were so obviously superior in 
killing power that functional considerations 
were able to overcome any nonfunctional 
traditionalism; only a token restraint imposed 
by tradition was apparent by the turn of the 
century.®” 

For sealing, and for caribou hunting as well, 
there is little to indicate that the Eskimo 
hesitated to adopt the rifle as a replacement 
for the weapons traditionally employed, even 
when the rifle was to little or no advantage. 
The impunity and success with which the 
“white” residents—whalers and traders—used 
nontraditional equipment and_ techniques 
probably hastened the transition from the old 
to the new.®* The prestige associated with the 
ownership and use of a rifle, as with so many 
other things “Western,” was an added in- 
centive for its adoption. The speed and de- 
gree of change effected, even when nonfunc- 
tional, certainly implies a considerable recep- 
tivity to change on the part of the Eskimo. 

The adoption of new weapons by the Eski- 
mo did not necessarily require the adoption of 
Western standards of use and maintenance. 
But efficiency and effectiveness might suffer 
from the disparity between Western and na- 
tive standards. In all cases, effectiveness was 
conditioned by the skill of the hunter and by 
his knowledge of the needs and limits of his 





51 See, for example, Ray, op. cit., p. 48; Murdoch, 
op. cit., pp. 53, 240; Brower, Fifty Years Below Zero, 
op. cit., p. 122. 

52 See Jack Hadley, “Whaling off the Alaskan 
Coast,” Bulletin of the American Geographical So- 
ciety, Vol. 47 (December 1915), p. 920. 

53 See Brower, Fifty Years Below Zero, op. cit., pp. 
124, 152; also 105-06. 
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weapons. Though hunting skills generally 
were enhanced more than they were dimin- 
ished by the use of firearms, it was possible 
for the hunter not accustomed to the new 
weapons to so misuse them that they became 
less efficient as a result; his hunting skills 
might prove even less effective than if he had 
been using traditional implements. 

One of the most common criticisms, past 
and still current, refers to the poor care which 
the Eskimo gave to his weapons. The Eski- 
mo’s lack of concern with maintenance, to the 
extent that such criticism was valid,®* can be 
traced to two sources. First, there was little 
tradition for the kind of maintenance required 
by a mechanism as complex as the rifle. Most 
of the native implements, though technically 
advanced by comparison with those of other 
subsistence hunting peoples, were still rather 
simple mechanical contrivances. Since they 
were nonmetallic, they did not rust or cor- 
rode; and with a minimum of moving parts, 
neither did they require the kind of cleaning 
and lubrication that normally are considered 
essential to the efficient operation of the fire- 
arm. 

Secondly, the Eskimo’s early experience 
with firearms was not of the kind to engender 
concern with maintenance. The rifle received 
its widest distribution during the period of 
commercial whaling, especially after the es- 
tablishment of shore whaling and trading sta- 
tions in the 1880’s. Rifles were so inexpensive 
and easy to obtain that any special care to pro- 
long their effective life was considered un- 
necessary. Stefansson, after his visit to Bar- 
row in 1908, made note of this situation: 

There are few Eskimo who will use a rifle more 

than one year. They will no more think of using 

last year’s rifle than our well-to-do women will 
consider wearing a hat of last year’s fashion, 
and you see rifles and shotguns, which our most 
fastidious sportsman would consider good as new, 
lying around on the beach, thrown away by 

Eskimo who have no realization of their value 

because of the ease with which they have always 

obtained them in the past.55 
With such a beginning, good maintenance 
practices were long in developing. The whal- 





54 The poor condition of the exterior of the rifle 
typically referred to by arctic travellers need not, and, 
according to my experience, did not always indicate 
interior mechanical condition. 

55 Stefansson, My Life with the Eskimo, op. cit., 
p. 61. ; 
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ing guns provided a major exception. These 
were more difficult to procure than rifles and 
were more jealously regarded by both natives 
and “whites.” In addition, tradition not only 
sanctioned but required that special care be 
given to all whaling equipment.®* 4s , 
result, whaling guns commonly have remained 
serviceable for decades. The rifle has had 
neither as specific an assignment as the whal- 
ing gun, nor the benefit of tradition. It has 
been used for hunting a variety of game, and 
mostly in an environment where, among other 
difficulties,*’ oil is in danger of congealing and 
jamming a firing mechanism; and where 
weapons are kept outside the living quarters, 
since exposure to abrupt temperature changes 
may cause condensation and freezing of mois- 
ture on critical metal parts. The rifle, obvious. 
ly, cannot easily be maintained at its peak ef. 
ficiency within the subsistence environment of 
the Eskimo, though it has generally retained 
enough of its efficiency to justify continued 
use. 

The employment of underpowered rifles 
and undercharged ammunition in certain re- 
spects has been more critical.®* A rifle of too 
small a caliber reduces the effectiveness of the 
hunter; ammunition with too small a charge 
of powder, reduces, more basically, the effi- 
ciency of the firearm. Though the Eskimo 
seemed to appreciate the importance of just 
the right kind of weapon for their hunting,” 
they were not averse to making certain con- 
cessions to prolong the usefulness of the weap- 
on, even if, by doing so, they altered its effi- 
ciency. Undercharging of handloaded ammv- 
nition permits more shots, each of which 
though less efficient may not be ineffective.” 
Similarly, a small caliber rifle is less efficient 





56 Murdoch, op. cit., p. 272. 

57 Stefansson, Arctic Manual, op. cit., pp. 438-44. 

58 See Murdoch, op. cit., p. 194. 

59 Stefansson, “The Stefansson-Anderson Arctic Ex- 
pedition ... ,” op. cit., p. 194. 

6° The “Nunamiut” or inland Eskimo of arctic 
Alaska probably epitomized the economy and effec- 
tiveness with which the undercharged hand-loaded 
ammunition could be used. In the days when a 
“hunter who had ten or twenty cartridges was reckon- 
ed a wealthy man,” the Nunamiut “took care that the 
charge was not too strong for the bullet to remain in 
the animal, so that it could be removed and u 
again.” Helge Ingstad, Nunamiut; Among the Inland 
Eskimo of Alaska (New York: W. W. Norton and 
Company, Inc., 1954), p. 225. 
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but permits the use of cheaper ammunition, 
which also provides the hunter with more 
shots. For the highly skilled hunter, either of 
these economies might prove a true economy; 
for the less adept it was likely to prove a false 
one. When I accompanied a group of Eskimo 
from Meade River village on a caribou hunt, 
none was equipped with larger than a .22 
caliber rifle. A hunt for a small “humpback” 
whale cornered in Wainwright Inlet lasted 
through the whole of a twilit night, primarily 
because, for most of this time, the only 
weapons available to the Eskimo were rifles, a 
30-06 being the most powerful of these. 
Though considerations other than economy 
were involved, the inappropriateness of the 
rifle, and the waste, were obvious. 

Disregard of the range limitations of fire- 
arms also altered their effectiveness. There 
was never much uncertainty as to the oper- 
ating limits of the harpoon, bow and arrow, 
and other weapons used aboriginally. With 
firearms, however, the Eskimo were less disci- 
plined, and/or less able to judge accurately 
the limits of the new effective range, which, 
though considerably greater, was still restric- 
ted." The case of the shoulder gun has al- 
ready been discussed. Leffingwell’s estimate 
of the proportion of lost seal to retrievable 
kills—ten to one—is certainly in part an in- 
dication of such difficulty. Descriptions of 
caribou hunting during the late 19th century 
suggest similar problems of range.®* _ What- 
ever the reason, the Eskimo were less effective 
hunters than their weapons would have per- 
mitted had the supplementary skills integral 
to the effective use of the traditional weapons 
been retained and applied to firearms. 

More broadly, and more subtly, new weap- 
ons also affected the traditional self-suffi- 
ciency of Eskimo economy. In only one case 
did the introduced weapons increase the level 
of self-sufficiency of the Barrow Eskimo. 
Greater success in caribou hunting provided 
the Eskimo for a while with clothing skins 
which aboriginally had been an import item. 

* The tendency to shoot at game beyond the effec- 
tive range of the rifle was a problem compounded by 
the difficulty of accurately determining distance under 
arctic conditions. See Stefansson, Arctic Manual, op. 
cit., pp. 439-41. 

“E. P. Herendeen, “An Eskimaux Caribou Hunt,” 


Forest and Stream, Vol. 38 (March 17, 1892), p. 249; 
Murdoch, op. cit., p. 264. 
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In the process of this achievement, however, 
it was shown that a part of the game resource, 
traditionally renewable, could become nonre- 
newable quité rapidly. Apart from this, self- 
sufficiency declined: A dependence develop- 
ed on outside sources for the implements them- 
selves, a dependence that increased as more 
and more of the traditional was discarded and 
forgotten. A certain amount of time came to 
be required, in part from that allotted to sub- 
sistence, to pursue activities in some way pro- 
ductive of the exchange necessary for the 
purchase of weapons and ammunition, and 
this through good times and bad. Thus we 
have the rather incongruous situation of a 
hunting people becoming dependent on the 
outside world, not for subsistence, but for the 
means to obtain their subsistence, the ade- 
quacy of which is in no way assured by their 
dependence. 


SUMMARY AND CONCLUSIONS 


The advantages and deficiencies of the fire- 
arm for hunting can be explained broadly in 
terms of the alien context of environment, cul- 
ture, and economy within which it had to 
function. Where its range, speed of operation, 
and killing power-couldbe put to use, the 
firearm proved more effective as well as more 
efficient than the traditional implements it 
replaced. Hunting with the rifle demanded 
less of the hunter, though it did not, and could 
not, replace the skill required in stalking game 
on ice and tundra. The better hunters 
profited to the extent that the rifle enabled 
success under conditions which aboriginally 
might have been hopeless; the poorer hunters 
benefited even more, since an improved weap- 
on made up for what they may have lacked in 
skill. The firearm fared less well by compari- 
son with the traditional implements when 
game habits and habitat made the mechanical 
attributes of the new weapons superfluous at 
best; when the firearm as the weapon of a 
single function replaced the traditional im- 
plement with a multi-function; when the sub- 
stitution of the new for the old threatened 
security of subsistence by establishing new 
dependencies; when, as the ultimate criterion 
of effectiveness, catch declined rather than in- 
creased, despite the greater efficiency of the 
introduced weapons. 

Perhaps in no instance could the firearm as 
a weapon be considered the cause of its ef- 
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fects, but it was in all instances the means by 
which these effects were produced. Other 
factors have proved of equivalent and even of 
considerably greater importance in determin- 
ing the utility of the weapon for subsistence, 
quite apart from any inherent implement ef- 
ficiency. Concerning the relationship, and 
discrepancy, between the efficiency and effec- 
tiveness of implements introduced into an 
alien environment for use by an alien culture, 
the following general conclusions may be 
drawn from this study: 

1. Inherent efficiency alone would appear 
to be a poor indicator of the effectiveness with 
which an implement will or can be used. De- 
veloped and developable skills associated with 
its use must ultimately limit and determine the 
effectiveness of the implement, whatever its 
efficiency. The end result of misuse, or any 
use short of the potential, for whatever reason, 
is the same as if the implement were, in fact, 
less efficient. In this sense of “use,” effective- 
ness of the implement may vary, though its ef- 
ficiency remains unchanged. 

2. To indicate adequately relative effi- 
ciency, it is necessary to consider the multiple- 
purpose, multi-function implement in all of its 
essential roles in the environment or context of 
its use. The superiority of an implement for 
one function may or may not balance its lack 
for other functions, depending on the require- 
ments of the tasks to which it is put. 

3. If the new implement simply replaces 
rather than adds to the traditional complex of 
implement and technique, production may or 
may not increase as a result, depending on (a) 
the limits set by environment, (b) the sig- 
nificance of the traditional implements and 
skills for the resource to be exploited, and (c) 
the transferability of these skills to the alien 
technology. 

4. An introduced implement may prove to 
be-sa_much more-effective than the traditional 


implement it replaces that, lacking any re. 
straints, a resource depletion may occur: Pre. 


viously we hi e of a more efficient im. 
plement being less effective because of Tailure 








to receive proper _use—i {ping With its 
potential _If the renewability of the resource 


is essential to subsistence,we~have~here-the 
case Of the more éfficient implement being Tess 
“effective than the less efficient traditional one 
wnen_ its potential, being realized, is beyond 
the potential of the resource to sustain itself, 

~5. Acceptance of a new implement or tech. 
nique may not indicate either its efficiency or 
effectiveness compared to the traditionally 
used counterpart. Adoption may be indiscrim- 
inate for various reasons. 

6. When introduced weapons are relied 
upon to the complete exclusion of the tradi- 
tional ones, new dependencies may develop. 
Without the traditional implements to revert 
to in need, such dependencies may be critical, 
unless the means are assured for maintenance 
and replacement, or for the procurement of 
subsistence requirements otherwise. 

A discrepancy between the efficiency and 
the effectiveness of the firearm could have 
been predicted for a number of the hunting 
situations described. However, it would have 
been extremely difficult to predict, also, the 
extent and consequences of implement change 
generally, because of the significance of con- 
ditions either external to implement use or be- 
yond the control of the Eskimo. But these are 
imponderables of a type common to the social 
sciences. From the vantage of history, the im- 
ponderables become fewer as our knowledge 
of the factors influencing the utility of specific 
implements and technologies becomes greater. 
This complexity of interrelationships of 
phenomena both predictable and unpredic- 
table is the justification for an Implement Geo- 


graphy. 
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In the December, 1959, issue of the Annals, 
Robert E. Dickinson analyzes the geographical 
incidence of commuting in West Germany.' 
In so doing, he is applying a technique pre- 
viously used by him for the study of travel to 
work in Belgium and the Netherlands.” 

It is of more than passing interest to examine 
this technique, for it contains a fundamental 
fallacy which vitiates much of the discussion. 
The West German census returns show for 
each administrative area down to the smallest, 
the Gemeinde, the following information: 

(1) The number of resident workers; 

(2) The number of resident workers who 
daily travel to some other Gemeinde to work; 

(3) The number of workers who daily enter 
from another Gemeinde for their employment. 

On the basis of these data, it is easy to 
calculate the percentage of workers leaving 
and entering each Gemeinde—respectively the 
out-commuters and the in-commuters. Dick- 
inson presents maps showing the regional vari- 
ations in these percentages, though in the case 
of West Germany he chooses to use the next 
larger administrative area, the Kreis. He 
then proceeds to explain these variations in 
terms of employment opportunities in agri- 
culture and industry or commerce, the quality 
of communications, social habits, etc. 

But much of the geographical incidence of 
commuting shown by such data is illusory. 
This can be demonstrated most clearly by tak- 
ing two extreme cases. If the administrative 
units were each so small as to comprehend 
only one dwelling, then practically the entire 
working population would be recorded as 
commuters, as only a very small proportion of 
persons works at home. At the other end of 
the scale, if the whole country is the adminis- 
trative unit, then only a very small fraction of 
workers is recorded as crossing the frontiers— 
10,800 for West Germany in 1950.3 


Robert E. Dickinson, “The Geography of Com- 
muting in West Germany,” Annals, Association of 
American Geographers, Vol. 49 (1959), pp. 443-56. 

*Robert E. Dickinson, “The Geography of Com- 
muting: The Netherlands and Belgium,” Geographical 
Review, Vol. 47 (1957), pp. 521-38. 

“Dickinson, “The Geography of Commuting in 
West Germany,” op. cit., p. 445. 
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In other words, if we assume that the aver- 
age length of journey and proportionate num- 
ber of journeys is constant in all parts of the 
country, nevertheless marked regional varia- 
tions in the apparent pattern of commuting 
will occur solely on account of differences in 
the size and shape of the administrative areas 
used. To use figures in the manner described, 
without any adjustment, can only be justified 
if three conditions are fulfilled: 

(1) The administrative areas used are uni- 
form in shape and size; 

(2) The population is evenly distributed, 
not being concentrated into cities and villages; 

(3) Directions of travel are random. 

If any one of these three conditions is not 
fulfilled, then some degree of spurious varia- 
tion is introduced. Undoubtedly, the greatest 
errors arise from the first consideration, but 
even if the administrative areas were uniform 
in shape and size, the irregular distribution of 
population within each, and the concentration 
of movements along particular routes, would 
still result in some apparent but unreal region- 
al variations in commuting. 

The nature of the problem which arises from 
variations in the areal extent of administrative 
units can be illustrated by comparison of the 
Netherlands and Belgium, for there is no dif- 
ference in principle in comparison between 
regions within a country and between coun- 
tries. The problem is the same. In 1947, 15.2 
percent of all workers were recorded as out- 
commuters in the Netherlands, and 40.0 per- 
cent in Belgium, on the basis of Gemeente and 
Communes, respectively, as the administrative 
units. Such a striking difference in apparent 
commuting is attributable largely to the dif- 
fering areal extent of the administrative units. 
Instead of taking the straight average area, it 
is more pertinent to obtain an average weigh- 
ted according to the population resident in 
each administrative unit. On this basis, the 
weighted average extent of the administrative 
units in 1947 was: Netherlands, 6,670 hectares; 
Belgium, 1,880 hectares. The fact that the 
Dutch Gemeente were over three times as 
extensive as the Belgian Communes is neces- 
sarily an important reason in explaining the 
differing degrees of apparent commuting in 
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the two countries. The regional contrasts 
within the two nations are even greater, and 
they are also substantial within West Ger- 
many. 

For the analysis of regional commuting pat- 
terns, census returns can be of great service 
only if each worker is asked to record either or 
both the distance and time involved in the 
daily journey to work. 

The problem here discussed is but one as- 
pect of the general difficulty of making allow- 
ance for ordinary probabilities when dealing 
with a small sample. And although not ap- 
plicable in the particular case, it is of interest 
to note that a recent study of the incidence of 
brain tumors in a part of Poland showed that 
what at first sight appeared to be marked 
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regional differences arose largely from devia. 
tions from the average which could not be re. 
garded as statistically significant.‘ When the 
statistical probabilities for the incidence of 
this disease in each administrative unit were 
computed, it was found that out of 17 counties 
only 2 deviated from the average to a sig: 


nificant degree. That with the highest in. 
cidence had the best medical service—and 
hence recognition of cases—and that with the 
lowest had the worst service. 


MICHAEL CHISHOLM 


Bedford College, London 


* Mieczyslaw Choynowski, “Maps Based on Prob- 
abilities,” Journal, American Statistical Association, 
Vol. 54, No. 286, 1959, pp. 385-88. 


A FREE ACCESS TO COLONIAL ENCLAVES 


In the September 1959 issue of the Annals, 
Professor Pounds analyzed the concept of 
right of access,! and Robinson reviewed the 
present status of exclaves.* In this note the 
right of access of an imperial power to its 
colonial enclave (colony surrounded by the 
territory of a foreign sovereign) is examined 
with reference to Portuguese possessions in 
India as a supplement to materials presented 
by Pounds and Robinson. The Portuguese co- 
lonial areas of Dadra and Nagar Aveli in India 
provide a unique example of whether an im- 
perial power has the right of transit across 
foreign territory to its colonial enclaves. The 
rules of international law involved in the case 
as interpreted by the International Court of 
Justice are of interest to political geographers. 

Since the early sixteenth century—the Vas- 
co de Gama epoch of Asian history—the Por- 
tuguese have had their colonial possessions on 
the west coast of India. Goa, to the south of 
Bombay, is the best known Portuguese colony 
in India.* It was conquered from the Bijapur 
Sultanate in 1510. North of Bombay on the 
Arabian Sea coast lies the Portuguese colony 


? Norman J. G. Pounds, “A Free and Secure Access 
to the Sea,” Annals, Association of American Geog- 
raphers, Vol. 49 (1959), pp. 256-68. 

2G. W. S. Robinson, “Exclaves,” Annals, Associa- 
tion of American Geographers, Vol. 49 (1959), pp. 
283-95. 

*“CGoa and the Indian Union: Background of the 
Recent Dispute,” World Today, Vol. 10 (1954), pp. 
542-50. 





of Daman, acquired in 1559.4 Inland, about 
ten miles away, are two land-locked territorial 
enclaves—Dadra and Nagar Aveli, acquired 
in 1779—themselves separated by Indian ter- 
ritory (Fig. 1). The two enclaves, about 200 
square miles in area, are of no _ particular 
economic value,* except to their population of 
40,000, almost exclusively Hindus. Neither 
Portugal nor India has any compelling eco- 
nomic urge for respectively keeping or ac- 
quiring the two enclaves. 

But both Portugal and India feel their na- 
tional pride is at stake. The Portuguese ad- 
ministrators were ousted from Dadra‘ and 
Nagar Aveli* enclaves in 1954 by the local 
population, who have set up their own govern- 
ment.’ Ever since, Portuguese have sought to 
reassert their claims to sovereignty over the 
enclaves. More particularly the Portuguese 
claim they have a right of passage over Indian 
territory to get back into the two enclaves. 





4R. H. Parker, “The French and Portuguese Set- 
tlements in India,” Political Quarterly, Vol. 26 (1955), 
p. 389. 

5“The Salazar Regime and Goa,” World Today, 
Vol. 10 (1954), p. 389. 

® Oliveira Salazar, “Goa and the Indian Union: 
The Portuguese View,” Foreign Affairs, Vol. 34 
(1956), pp. 418-31. For the Indian view, see 
Vijaya Lakshmi Pandit, “India’s Foreign Policy, 
Foreign Affairs, Vol. 34 (1956), pp. 437-40. 

7 New York Times, July 23, 1954. 

*’ New York Times, August 13, 1954. 

” New York Times, July 24, 1954. 
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India, for her part, has studiously and with 
absolute propriety refrained from taking any 
steps to bring the now independent enclaves 
under the Indian Union, even though the local 
inhabitants have asked for protection and in- 
clusion in the Indian Union. 

When the uprising took place in the two 
Portuguese enclaves of Dadra and Nagar 
Aveli in 1954, India persisted in her policy of 
nonintervention. But at the same time she 
refused to allow the Portuguese any right to 
cross Indian territory so as to re-establish their 
colonial rule in the enclaves.'? India main- 
tained that she could not permit the move- 
ment of Portuguese troops or police on Indian 
territory and could not be a party to the sup- 
pression of a genuine nationalist movement for 
freedom from foreign rule; and even though 
the Portuguese, during the legal proceedings 
before the International Court, disavowed any 
wish to send military forces across Indian soil, 
the Indian government was fearful lest an ad- 
mission of any right of passage necessarily in- 
volved an impingement upon Indian sover- 
eignty. 

Essentially Portugal's claim is that she has a 
right of passage from Daman to Dadra and 
Nagar Aveli in order to ensure communica- 
tions between the two territories and transit 
of personnel and goods. And, she says, India 
must respect that right by allowing it to be 
freely exercised. The basis for that claim is 
Portuguese sovereignty in the territories, cer- 
tainly until 1954. India disclaims any notion 
of Portuguese sovereignty in the territories. 
But, even if there ever had been sovereignty, 
India argues that it was destroyed by the pop- 


“New York Times, July 29, 1954. 
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ular revolt in 1954. To which the Portuguese 
retort that sovereignty was not destroyed be- 
cause the insurrection was inspired by foreign 
elements, i.e., India. 

These, then, were the legal issues, certainly 
novel ones insofar as it concerns the right of 
access of an imperial power to its colonial en- 
‘laves. In domestic law, if a person is granted 
ownership over a piece of land there is an im- 
plication that whoever granted him that own- 
ership also gives him, where necessary, the 
right to cross other lands in order to enjoy 
the fruits of his land. To deny him access to 
his land is to derogate from the grant of own- 
ership. His ownership would, in fact, be use- 
less because he cannot exercise the rights of 
ownership. By analogy the rules should be 
identical in international law. If a state has 
sovereignty over some land, there is the an- 
cillary right to go across another state’s terri- 
tory in order to gain access to the land. But 
the analogy cannot be pressed too far. Is a 
state entitled to send its troops across another 
state’s territory? Would not that be an in- 
fringement of the sovereignty of the state 
whose territory is being crossed? If so, would 
the crossing of personnel, such as policemen, 
because of the nature of their mission, also be 
an infringement of sovereignty? Or at least 
could these people be lawfully prevented from 
crossing foreign soil? In other words, if there 
is a right of passage, is it not a restricted right 
of passage, and has not the country whose 
territory is being crossed the right to prevent 
certain types of personnel from crossing its 
territory? 

Professor Pounds points out that “states 
have used their ability to interfere with the 
transit of goods across their territory as an in- 
strument of national policy.”'' Since India’s 
efforts to persuade Portugal through diplo- 
matic channels to grant these colonial terri- 
tories their independence failed (France be- 
tween 1950 and 1954 acceded to a similar re- 
quest with regard to her colonial possessions 
in India), it may be said that India has tried 
to nullify Portugal’s sovereignty in the colonial 
enclaves by denying transit rights across the 
Indian territory. This provides a unique ex- 
ample of the use of the denial of a right of 
passage by one state as an instrument to re- 
move the colonial rule. It is possible that 


"! Pounds, op. cit., p. 267. 
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with the passage of time, coupled with recog- 
nition of the new local native government by 
other states, this denial of access rights can ef- 
fectively remove the imperial power's sover- 
eignty in the enclaves. 

The question then posed is whether a co- 
lonial territory can acquire its independence 
other than by grant from the imperial power; 
or whether a sovereign state can lose its sover- 
eignty over a colony otherwise than with its 
consent. Obviously, successful insurrection 
destroys sovereignty in the imperial power, 
subject to its ability to reassert its sovereignty. 
It is also equally important that after the 
sovereignty has been lost by revolt and not 
yet recovered by the imperial power, no for- 
eign power may annex or accept the territory 
in which the rebellion was successful. Indeed, 
that fact has been recognized by India insofar 
as she has refused to take the enclaves into the 
Indian Union. However, if the loss of Portu- 
gal’s sovereignty is formally recognized by 
other states, in due course of time there would 
presumably be nothing to prevent a voluntary 
accession of the enclaves to India. 

The International Court of Justice has given 
prime consideration to India’s sovereignty. 
On April 12, 1960, the Court ruled that India 
acted within her rights in denying the Portu- 
guese right of passage across Indian territory 
to two enclaves where the local inhabitants, as 
a normal act of self-determination, had ousted 
Portuguese administrators in July and August 
of 1954.12 However, the Court also an- 


12 New York Times, April 13, 1960. 
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nounced that Portugal received title to collect 
taxes from these villages of Dadra and Nagar 
Aveli in 1779 and acquired sovereignty over 
them by general acceptance in the following 
decades. If Portugal has not lost sovereignty 
in the enclaves by the uprising of 1954, as the 
Court's judgment implies, then Portugal’s 
limited right of access from Daman across In. 
dian territory persists. The Court ruled that 
this right of access is subject to control of the 
Indian government and did not include any 
right of passage for armed units or munitions. 

From the Court’s decision hardly anything 
can be concluded about the future of Dadra 
and Nagar Aveli enclaves, which are in effect 
enjoying independent status. It recognizes 
Portugal’s sovereignty over the enclaves and 
incidental right of passage across Indian terri- 
tory into the enclaves; but at the same time it 
recognizes India’s sovereign right to prevent 
the passage of Portuguese personnel to the en- 
claves. The Court's ruling on the right of ac- 
cess and right to prevent access are both 
vague. If the right of passage is admitted to 
a colonial power, in circumstances such as 
those existing in the Portuguese possessions, 
international law may have to define the con- 
ditions under which access is not permissible. 
The Court’s decision regarding the right of ac- 
cess to the Portuguese enclaves may prove to 
be of great importance as a precedent whose 
significance would reach far beyond this little 
corner of Asia. 


PRADYUMNA P. KARAN 
University of Kentucky 
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‘nations reviewed: 
Wa fae of Man,” by P. B. Medawar. Pre- 
sented by the British Broadcasting Corporation as the 
1959 Reith Lectures and published in The Listener, 
Vol. LXII, Nos. 1599 to 1604, inclusive (Nov. 19 to 
Dec. 24, 1959). The Listener is a weekly publica- 
tion of the British Broadcasting Corporation, 35 Mary- 
lebone High Street, London, W. 1; U. S. and 
Canadian edition, $7.50 yearly. 


Each year the British Broadcasting Corpora- 
tion sponsors a series of Reith Lectures on 
topical philosophy, and the 1959 series, by 
Professor Medawar, F. R. S., a zoologist at the 
University of London, has interest for geog- 
raphers. The topic was “The Future of Man,” 
and under that general heading the individual 
lectures were concerned with “The Fallibility 
of Prediction,” “The Meaning of Fitness,” “The 
Limits of Improvement,” “The Genetic System 
of Man,” “Intelligence and Fertility,” and 
finally “The Future of Man.” 

Generally the lectures were concerned with 
evolution and heredity, but not cast in the 
mold of prediction, rather the processes be- 
hind those predictions. The lectures pose 
questions and raise problems of concern to 
geographers, for they bring fresh heat to the 
old chestnuts of environmental determinism, 
concepts of natural resources, and man-land 
relationships. 


ENVIRONMENTAL DETERMINISM 


As a zoologist, Professor Medawar is in- 
terested in the genetic changes which have 
taken place in response to outside stimuli, the 
survival of bacteria in the face of drugs, such 
as penicillin, being one example. He sug- 
gests that “bacteria have a genetic system 
which enables at least some of them to over- 
come misfortunes which have not yet hap- 
pened, which we ourselves cannot foresee.”! 
The Lamarckian explanation of this form of 
evolution in the face of stimuli, that “the en- 
vironment can somehow issue genetical in- 
structions to living organisms—instructions 
which, duly assimilated, can be passed on from 
one generation to the next,” is refuted. “Every 
analysis of what has appeared to be a La- 


' The Listener, 1601, p. 967. 
? Ibid., 1604, p. 1113. 
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marckian style of heredity has shown it to be a 
non-Lamarckian. So far as we know, the rela- 
tionship between organism and environment 
in the evolutionary process is an elective rela- 
tionship. The environment does not imprint 
genetical instructions upon living things.”* 
This probably comes as old hat to the oppon- 
ents of environmental determinism, for they 
have long maintained that the environment 
cannot force itself upon man, certainly not 
through genetic evolution. 

Professor Medawar, however, goes on to 
consider “the origin in human beings of a new, 
a nongenetical, system of heredity and evolu- 
tion based upon certain properties and activi- 
ties of the brain,” for “there is just one organ 
which can accept instruction from the environ- 
ment: the brain. . . . Yet the brain began, I 
suppose, as a device for responding to elective 
stimuli. Instinctive behaviour is behaviour in 
which the environment acts electively. . . . But 
the higher parts of the brain respond to in- 
structive stimuli: we learn.”* Thus man not 
only has a genetic heredity, but also a non- 
genetical system through which he may be in- 
fluenced by, and learn from, the environment. 
He shares the first, called by Medawar an 
Endosomatic or internal system, with the other 
animals; but he is alone in possessing the sec- 
ond, Exosomatic or external system. 

Man’s Exosomatic system is Lamarckian in 
concept: Medawar suggests the brain is in- 
structed by the environment. But this is only 
a part of the brain’s learning, the bulk of 
which, he suggests, is drawn from another non- 
genetic source, namely, tradition and the ac- 
cumulation of teaching. It would seem, there- 
fore, that Professor Medawar’s unsolicited sup- 
port for the environmentalists and neo-deter- 
minists is not whole-hearted. The power of the 
environment over the brain is balanced, if not 
outweighed, by the power of tradition. 


NATURAL RESOURCES 


In considering further the reaction of bac- 
teria to outside stimuli, Professor Medawar’s 

8 Thid. 

* Ibid., p. 1114. 
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conclusions force a fresh consideration of the 

definition of natural resources. He notes: 
Bacteriologists have known for years that if 
bacteria are forced to live upon some new and 
unfamiliar kind of foodstuff or are exposed to the 
action of an anti-bacterial drug, they acquire the 
ability to make use of that new food, or to make 
the drug harmless to them by breaking it down. 
The treatment was at one time referred to as the 
training of bacteria—with the clear implication 
that the new food or drug taught the bacteria to 
manufacture the new ferments upon which their 
new behaviour depends. But it turns out that 
the process of training belies its name: it is not 
instructive. A bacterium can synthesize only 
those ferments which it is genetically entitled to 
synthesize. The process of training merely brings 
out or exploits or develops an innate potentiality 
of the bacterial population, a potentiality under- 
written or subsidized by the particular genetic 
make-up of one or another of its members.5 


Apparently, adaptation for survival is merely 
the utilization, through realization, of innate 
potentialities; the use of qualities which have 
been in existence, but unrecognized, for some 
time. Can we apply this reasoning to natural 
resources? The historian, James C. Malin, has 
supported a parallel concept in his publica- 
tions. In 1950, he suggested that “the earth 
possessed all known, and yet to be known, re- 
sources, but they were available as natural re- 
sources only to a culture that was technically 
capable of utilizing them. . . . Historical ex- 
perience points to an indeterminate release to 
man of such ‘new resources’ as he becomes 
technologically capable of their utilization.”® 
To both Medawar and Malin the potential 
exists before it is used and, indeed, whether it 
is used or not. Thus natural resources form 
only those parts of the whole which are recog- 
nized as valuable at the time and are in no 
sense absolute phenomena, but merely stages 
along a road. Fears for the future based upon 
lack of natural resources then become ground- 
less, the only fear being that man may not have 
the ability to recognize and realize those re- 
sources already existing. Today's slag heaps 
may be tomorrow’s mines. 


MAN AND THE LAND 


The conclusion to the lectures holds perhaps 
the greatest portents: 


° Ibid., p. 1113. 
® James C. Malin, “Ecology and History,” The 
Scientific Monthly, Vol. LXX, No. 5 (May 1950), 
pp. 295-98, on p. 296. : 
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The conception I have just outlined is, I think, J 
liberating conception. It means that we cap 
jettison all reasoning based upon the idea that - 
changes in society happen in the style and under 
the pressures of ordinary genetic evolution; 
abandon any idea that the direction of soe 
change is governed by laws other than laws which 
have at some time been the subject of human de 
cisions or acts of mind. That competition be” 
tween one man and another is a necessary part of 
the texture of society; that societies are organisms 
which grow and must inevitably die; that division | 
of labour within a society is akin to what we see” 
in colonies of insects; that the laws of genetics” 
have an overriding authority; that social evolution = 
has a direction forcibly imposed upon it by” 
agencies beyond man’s control—all these are | 
biological judgments; but, I do assure you, bad 
judgments based upon a bad biology. . . . What 
I do say is that our policies and intentions are” 
not to be based upon the supposition that nature” 
knows best; that we are at the mercy of natural » 
laws, and flout them at our peril.”7 ‘3 


This throwing-over of nature’s traces is 
concern to all human geographers for it com 
tains problems which will have to be com 
sidered, now and in the future. How, for ine 
stance, can we interpret present conservati¢ 
policies with their “Back to Nature” pleas. 
when we are told that Nature does not know 
best? Dare we assume that the “natural 
tation” or the “natural landscape” (of Profes? 
sor Sauer) was the optimum condition befor 
any brains got to work on it? Can the 
economic geographers and ecologists side-step 
the denial of the necessity for competition? 
Can we still apply organic metaphors to civile 
izations or, indeed, to erosion processest 
These are just a few possible implications fre 
the lectures. I have no doubt that there amg: 
many more—potentially, probably hundredsh 
All will need to be examined and a settlement, 
if only temporary, of the problems attempted) 

The 1959 Reith Lectures were a formidable 
contribution to general knowledge and are @ 
good example of the general appeal of even® 
specialized work, when presented in a read’ 
able form and with a philosophical bent. They 
illustrate the possibilities of benefits from 
closer communication between disciplines) 
The zoologist had a word for the geographer, 
Can we return the compliment? : 


R. L. HEATHCOTE 7 
National University of Australia 


7 The Listener, 1604, p. 1115. 
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